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(57) Abstract 

A disk storage system that writes multiple copies of records directed to user-specified volumes. A plurality of spaced apart 
control units (1 12, 1 13) interconnected by direct data links (lOQ and a corresponding plurality of sets of recording means (109, 
1 1 1) communicate over the direct data links (106) when a write request is received by one control unit (112, 1 13) to cause one vo- 
lume m each set of recording means (109, 111) to write a copy of the received record. 
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DATA STORAGE 8Y8TEM FOR PROVIDING REDUNDABT 
COPIES OF DATA ON DIFFERENT DISK DRIVES 

FIELD OF THE INVENTION 

This invention relates to a data storage 
5 system and, in paxrticular, to an improved facility 
for providing redundant copies of data records. 
This invention fiurther relates to a data storage 
system of the DASD (direct access storage device) 
type which responds to a host processor write 

10 request to provide multiple copies of a data record 
on separate disk drives of separate DASD 
subsystems. The invention still fmrther relates to 
a DASD type system wherein each subsystem 
controller includes a cache memory for the 

15 provision of cached read and write operations on 
multiple copy service. 

BACKGROUND OF THE INVENTION 

Peripheral data storage subsystems of the DASD 
type utilizing magnetic disk units and the like are 

20 known for writing and reading data records under 
control of one or more connected host processors. 
With the high reliability of present-day DASD 
subsystems it is an accept€Ut>le business risk for 
many users to employ DASD facilities that maintain 

25 only a single copy of each stored record. However, 
some users require increased protection for some of 
their data against the loss of data availsd^ility 
that would result from a failure of a DASb 
subsystem element such as, for example, a disk 

30 device. Although the facilities needed to provide 
a higher degree of data availability are clearly 
more expensive, it is, in some circumstances, an 
acceptable cost to businesses. Examples of such 
business are banks where the stored data may 

35 comprise financial records and airlines where the 
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data may represent, reservation information. In 
such businesses, the necessity for the greatest 
possible protection from data loss is such that the 
concomitant increased cost is acceptable. 

It is known to provide equipment which writes 
a separate copy of data records on a plurality of 
disk devices. Such an arrangement is shown in 
Patent 4,837,680 Of June 6, 1989, to Robert N. 
Crockett et al. In this patent, a DASD svibsystem 
having a plurality of disk drives and a single 
storage control provides dual copies of each record 
written by a connected host on a specified volume* 
The host generates a system command which causes 
all records subsequently written to a volume 
specified by the host to be written by the storage 
control onto two different disk drives. While the 
Crockett et al. system provides for continued data 
availability if one disk drive becomes unreadable, 
the system is vulnerable in that the failure of the 
storage control itself would cause the data on all 
disks served by the storage control to be 
unavailable to the host. Thus, irtiile the Crockett 
system provides improved data availability, it is 
still subject to failure in the event that an 
element common to all disk units becomes 
unavailable. Patent Ho« 4,862,411 of August 29, 
1989, to Disbon et al» shows an alternative 
arrangement for providing dual copies in a manner 
that avoids smoB of the disadvantages of Crockett. 
Although Dishon solves the single failure problem 
of Crockett, it has a number of disadvantages which 
render it less than ideal for many purposes. First 
of all, it is a requirement in known CKD (Count Key 
Data) DASD systems that the distance between the 
host processor and the disk control units csuinot 
exceed approximately 240 meters and that the 
distance from the disk control unit to the disk 
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drive controller cannot exceed approximately 60 
meters. This presents a problem for Dishon for 
installation where the distance between the CPU 10 
and the disk drive controller 42 already 
5 approximates the under 300 meter limit* In this 
case, the increased distance of communication path 
34 extending to the disk drive controller 44 of the 
other control unit 18 may cause the total distance 
between CPU 10 and disk drives 48 to exceed the 300 

10 meter limit. In this case, the Dishon et al. 

system would be unsuitable unless the second DASD 
control unit 18 is placed immediately adjacent to 
the first control unit 16* In any event, Dishon 
cannot be used for installations in which the disk 

15 drive controller 44 of the second control unit 18 
must be positioned more than 60 meters from the 
first control unit 16. This distance is small when 
considering pratection of one copy of data from the 
same hazard as could affect the first — e.g., fire, 

20 flood, terrorism- 

Another disadvantage of the Dishon et al. 
system is that it does not contain cache memories 
and therefore does not provide the perforaance 
advantages of DASD control units that do contain 

25 cache memories. There would be an inherent 
difficulty in operating the Dishon system with 
cache m^ories since he provides no means of 
storing duplicate copies of a modified record in 
both cache memories (as is required for data 

30 integrity in cached write operations.) Thus, even 
if the two DASD control units 16 and 18 of Dishon 
were immediately adjacent to each other so as to 
present no distance problem, there would still be 
no effective way to provide cached read and cached 

35 write service in the Dishon system. 

It is also known to provide dual copy service 
by connecting a host to separate DASD subsystems 



and by having the host apply separate write 
commands to each subsystem which writes the data 
record to a volxime specified by the host* Wiile 
this arrangement provides dual copy service and the 
5 enhanced data availability resulting therefrom, it 
is operationally undesirable in that it requires 
separate host write commands, and an increased 
utilization of host CHT time, to provide the dual 
copy service. An example of ecpiipment that uses 

10 two host write operations to provide dual copy 
service is the Tandem Computer Non*Stop Fault- 
Tolerant Transaction Processing System. A second 
system operating in a similso: maimer is the IBM 
Transaction Processing Facility. 

15 It can therefore be seen that it is currently 

a problem in CKD DASD subsystems to provide 
Increased data availability while maintaining the 
higher performance levels of cached read and write 
operations in DASD systems not having such severe 

20 distance limitations and wherein the failure of a 
D2^D system component will not make the stored data 
unavailable to the host. 
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SUMMARY OF THE IHVENTION 

The above problems are solved and an advance 
in the art is achieved by the present invention 
which comprises a DASD subsystem in which improved 
5 data availcU^ility is provided by a system in which 
* the failure of a single system component will not 

prevent a connected host from obtaining access to 
^ stored data records and wherein the distance 

limitations of conventional DASD systems are 

10 significantly exp2Uided« The DASD subsystem of the 
invention comprises a pliirality of disk or data 
storage control imits (hereinafter DSC) and one or 
more recording means, such as disk drives, 
connected via a disk controller to each DSC* The 

15 system operates in a conventional manner for a 
write request in which only a single record copy is 
desired. In this case, the DSC receives the write 
request from the host and causes one of the disk 
drives to which the DSC is connected via a disk 

20 controller to write the data record « in accordance 
with the invention, the system creates multiple 
copies of a record for a write request received for 
a volume (disk drive) for which the host has 
priorly specified that multiple copy service is to 

25 be provided for all subsequent write requests to 
the specified volume. For this multiple copy 
service, which is hereinafter referred to as 
extended dual copy service (when only two copies 
are to be provided) , the host processor transmits 

30 write requests over a channel to a first DSC which 
is connected to a group of disk drives and which is 
further connected via a direct data link with a 
^ second DSC which is also connected to its own group 

of disk drives. The details of the manner in which 

35 the request is processed by the first DSC depends 
upon the type of service to be provided. The 
type of service that can be provided by the system 
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of the invention includes single copy, regular dual 
copy as shown by Crockett, regular fast dual copy, 
extended dual copy, and extended fast dual copy. 
For the extended dual copy service, the first DSC 
5 enters the received information from the host into 
its cache and then transmits the information over 
the direct data link to the cache of the other DSC. 
The infoxmation in the cache of each DSC is then 
written to the disk drive of each DSC. OThe host is 

10 notified as to the completion of the execution of 
the write command only when the record has actually 
been written into a disk drive of each DSC. For 
the extended fast dual copy service of the present 
invention, the received information is entered into 

15 the cache memory of the first DSC and transmitted 
over the data link to the cache memory of the other 
DSC» The host is then advised that the execution 
of this write command has been completed. The two 
DSCs then subsequently operate on their own to 

20 cause the record data in each cache to be written 
to the disk drive to which each DSC is connected. 



The arrangement of the invention is an 
improvement over the dual copy feature of Crockett 
et al. in that the failure of a single system 

25 element such as a disk controller common to all 
disk drives of the applicants first DSC will not 
prevent the host from accessing the duplicate copy 
of the record on a disk drive of the second DSC. 
In this case, the host Cgui transmit a read request 

30 to the first DSC which passes the request via the 
direct data link to the second DSC whose disk drive 
executes the request, reads the duplicate copy of 

m 

the record, and transmits the record contents over 
the data link to the first DSC and, in turn, to the 
35 recgpiesting host. 
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A second possible exemplary embodiment of the 
invention provides a still a higher degree of data 
availability. It is similar to that above- 
described except that the host is connected over 
5 separate data channels to both the first and the 
second DSC. Normally the host operates as above- 
described by transmitting read and write requests 
to the first DSC which executes the requests on its 
own connected disk drives. The first DSC is also 

10 connected in this alternative arrangement over the 
direct data link to the second DSC and, on each 
write operation that reqfuests extended dual copy 
service to a specified volume, it communicates with 
the second DSC over the direct data link to cause 

15 the second DSC and its connected disk drives to 
make a duplicate copy of the data record. This 
second embodiment provides still greater data 
availability in that the duplicate data record 
remains available to the host even if the first DSC 

20 becomes unavailable. In this case, the host 
detects the inoperable condition of the first DSC 
and cozomunicates with the second DSC via a data 
chauuiel extending from the host to the second DSC. 
The host can then read and write the duplicate 

25 copies of the data records stored on the disk 
drives connected to the second DSC* 

A still higher degree of data availability is 
provided by yet another alternative exemplary 
embodiment of the invention. In accordance with 

30 this embodiment, a pair of host processors are 
connected over separate data channels to both a 
first and a second DSC which are directly connected 
with each other via a direct data link. Each DSC 
is connected to its own individual group of disk 

35 drives. The host processors can operate 

independently and each normally communicates with 
a different one of the DSCs. In other words, each 



DSC is a primary DSC to a different one of the 
hosts. On each vrite command from a host 
specifying extended dual copy service, the primary 
DSC causes the data record to be written onto one 
of its disk drives. The primary DSC also causes a 
duplicate copy of the data record to i^e written 
onto the disk units of the other DSC via the direct 
data link between the two DSCs* In accordance with 
this arrangement, the failure of a single DSC 
euid/or its associated disk units permits a copy of 
each record to be available to the host via the 
other DSC and its disk units. Further in 
accordance with this alternative arrangement, the 
system remains operable even if one of the host 
pirocessors and one of the DSCs and its associated 
disk units fall concurrently. In this case, the 
remaining host processor can take over the duties 
of the failed host. The data records that were 
written tinder control of the failed host remain 
availed>le to the second host as long as one of the 
DSCs and its connected disk units remains available 
and operable. 

In accordance with a further possible 
alternative exemplary embodiment of the Invention, 
each DSC is connected by two separate direct data 
links and associated circuitry with the other DSC. 
This duplication provides increased data 
availability since if the one of the direct data 
links becomes unavailable, the direct communication 
between the two DSCs may still take place via the 
other direct data link and its connected circuitry. 

In accordance with another possible exemplary 
alternative embodiment of the Invention, a number 
of additional DSCs interconnected by additional 
direct data links may be employed to provide a 
number of multiple copies greater than two. Thus, 
a system having, for example, four DSCs, four sets 
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of disk drives and four direct data links 
interconnecting the four DSCs could be used to 
provide "extended multiple copy service" to 
generate up to four copies of each record written 
5 to a sp cified volume of each DSC. 

In view of the above, it can be seen that the 
above embodiments of the invention provide the high 
degree of data availability that many businesses 
require for circumstances in which all possible 
10 steps must be taken to ensure the availability of 
recorded data under the most extreme and unlikely 
occurring events that may trcuispire. 



DESCRIPTION OP THE DRAWINGS 

These and other advantages and features of the 
15 invention may be better understood from a reading 
of the following description thereof taken in 
conjunction with the drawing in which: 

Figure 1 comprises a block diagram 
illustrating one possible exemplary embodiment of 
20 the invention; 

Figure 2 illustrates an alternative exemplary 
embodiment of the invention that provides increased 
data availability over the embodiment of Figure 1; 

Figure 3 illustrates yet another possible 
25 exemplary embodiment of the invention and which 
provides still greater data availability; 

Figure 4 illustrates another alternative 
exemplary embodiment that is independent of host 
channel distance limitations; 
30 Figure 5 illustrates further details of a disk 

storage control (DSC) ; 

Figures 6, 7 and 8, when arranged as shown in 
Figure 9, Illustrate further details of the system 
of Figure 5; 

35 Figure 10 discloses further details of the IBC 

element of Figures 6-8; 
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Figure 11 discloses further details of the IDI 
elements 614 of Figxire 8; 

Figure 12 discloses a system equipped to 
provide extended multiple copy services; 
5 Figure 13 discloses further details of a 

system equipped to provide extended multiple copy 
service ; 

Figure 14 discloses a channel program command 
sequence used to provide extended multiple copy 
10 service; 

Figures 15-17 disclose ftirther details of the 
command sequence of Figure 14; 

Figures 18-22 disclose the messages 
transmitted over data links 106 for the provision 
15 of extended multiple copy and connectivity service; 
and 

Figures 23-25 disclose the messages and 
commands exchanged between system elements for the 
provision of extended dual copy service* 
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DETAILED DESCRIPTIOM 



Description of Ficfure 1 

Figure 1 discloses one possible exemplary 
embodoBent: of a system embodying the invention. 
Figure 1 discloses a host processor 101 connected 
via a channel 102 and a channel interface 104 to 
DSC 105 \rtiich is connected over interface 108 to 
disk controller 112 and its disk drives 109-0 
through 109-n via paths IIS-'O through 116-9. The 
system of Figure 1 further comprises a data link 

106 which interconnects DSC 105 with a QBcond DSC 

107 which may be identical to DSC 105* Data link 
106 idestLly may be optical fiber but, if desired, 
may be any type of transmission path such as 
metallic conductors. DSC 107 is connected via 
interface 110 to its own disk controller 113 and 
via paths 117-0 through 117-9 to disk drives 111-0 
through lll-n» 

Host 101 communicates in a conventional manner 
with DSC 105 via interface 104 to transmit record 
write and read requests to DSC 105. DSC 105 
receives these requests and communicates over 
interface 108 with disk controller 112 and disk 
drives 109 to execute the write and read requests. 
The system of Figure l processes write requests 
that do not involve extended dual copy service in 
a conventional manner similar to that of known DASD 
systems. Namely, DSC 105 receives the request from 
host 101, processes the request and causes the 
record to be written on one of disk drives 109. 
The system of Figure l can provide regular dual 
copy service similar to Crockett by causing a 
record to be written to two of its disk drives 109. 

On each write request for volumes for which 
the extended duplicate copy of the invention is 
desired by host 101, DSC 105 transmits the received 
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write request over data link 106 to DSC 107 which 
causes an extended duplicate copy of the record to 
be written by the appropriate one of its disk 
orxves 111* In this laanner and for volumes 
5 specified by host 101, a copy of each record 
written on one of disk drives 109 is also written 
on one of disk drives ill. The system of Figure 
1 provides increased data availability over that 
which would be available if disk drives 111, DSC 
10 107 and data link 106 were not provided. Increased 
data availability is provided in that upon an 
operational failure of disk controller 112, which 
would make all records on disk drives 109 
unavailable, host 101, DSC 105 and OSC 107, can 
15 exchange the commands required to read the extended 
duplicate copy of the record that exists on disk 
drives 111. The readout information is trsmsmitted 
from disk drives 111, over interface lio, DSC 107, 
data link 106, DSC 105 and interface 104 back to 
20 host 101. 

Description of Figure 2 

Figure 2 discloses a system similar to Figure 
I but which has improved data availability. Host 
101 is additionally connected via chaxmel 103 and 
25 interface 104--1 to DSC 107. Host 101 normally 
conumuiicates with DSC 105 and causes data records 
to be written onto disk drives 109. On each write 
operation to volumes specified by the host for 
extended dual copy service, DSC 105 tr£msmits each 
30 write command over data link 106 to DSC 107 to 
cause an extended duplicate copy of the record to 
be recorded onto a disk drive 111. The system of 
Figure 2 provides increased availability since upon 
a failure of DSC 105, host 101 can communicate with 
35 DSC 107 via chcinnel 103 and interface 104-1 to read 
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the copies of the data records that exist on disk 
drives 111. Host 101 may continue to operate in a 
normal manner and communicate with DSC 107 and its 
drives 111 until DSC 105 is repaired and brought 
5 back on line* 

Description of Figure 3 
^ Figure 3 discloses yet another alternative 

exemplary embodiment of the invention which 
provides greater data availability over that shown 

10 on Figures 1 and 2. In the system of Figure 3, an 
additional host processor 121 is provided which is 
connected via channel 122 and interface 124-0 with 
DSC 105 and is further connected by channel 123 and 
interface 124-1 with DSC 107. Both hosts 101 and 

15 121 may operate concurrently and independently with 
each normally communicating only with its primary 
DSC and connected disk drives. Thus, host 101 may 
normally communicate primarily with DSC 105 and its 
disk drives 109 and host 121 may normally 

20 communicate primarily with DSC 107 and its disk 
drives ill. However, on each write operation by 
either host for volumes specified for extended dual 
copy service, the data record is written not only 
on the disk drives of the DSC with which the host 

25 normally communicates, but by means of data links 
106, the other DSC causes an extended duplicate 
copy of each such record to be recorded on its disk 
drives. Let it be assumed that host 101 normally 
commxinicates primarily with DSC 105. On each write 

30 operation for a specified volume for which an 
extended duplicate copy of the record is desired, 
DSC 105 transmits a command over data link 106 to 
DSC 107 to cause a duplicate copy of the record to 
^ be recorded on disk drives 111. In a similar 

35 manner, assume host 121 normally communicates only 
with DSC 107 and its disk drives 111. However, on 
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each write operation for volumes for which extended 
dual copy service is desired, data links 106 and 
DSC 105 cause an extended duplicate copy of the 
data records to be recorded on disk drives 109. 

Upon a failure of disk drives 109 and/or disk 
controller 112, and/or DSC 105, host 101 may 
continue normal operation by communicating with DSC 
107 over interface 104-1 to operate with the 
extended duplicate records on disk drives 111* 
Host 121 may continue normal operation in a similar 
maimer upon the failure of disk drives 111 emd/or 
disk controller 113 and/or DSC 107 and operate with 
the extended duplicate copies of the data records 
that exist on disk drives 109. The system of 
Figure 3 provides still further system availability 
in that upon a failure of a host, such as host 101, 
host 121 may perform duties of the failed host by 
operating upon either the original or the extended 
duplicate copy of the records that exist on disk 
drives 109 and 111. 

Description of Ficfure 4 

Figure 4 discloses an embodiment of the 
invention that is a degenerate version of the 
system shown in Figure 3. The system of Figure 4 
is similar to that of Figure 3 except that each 
host is connected to only a single DSC. The system 
of Figure 4 is advantageoxis in systems in which the 
hosts are separated from one another by a distance 
greater than 480 meters, which is twice the prior ly 
discussed 240 meter limit applicable to 
conventional CKD D&SD systems. In the system of 
Figure 4 the hosts may be separated from each other 
by a considerably greater distance, for example 
5 km. The two DSCs may be separated from one 
another by this same distance. However, the 
distance between a host, such as host 101, and its 
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disk drives 109 must still meet the aforementioned 
300 meter limit. 

The system of Figure 4 is not limited to the 
provision of extended dual copy service. It can 
5 also be used in installati ns in which DSCs 105 and 
107 are separated by a considerable distance, such 
as 5 ]cm, and where it is desired to have host 
processors 101 and 121 share a common set of disk 
drives, such as for example, disk drive 109, for 

10 the storage of some of the data records generated 
by both host processors. For example, let it be 
assumed that host processor 101, DSC 105, disk 
controller 112 and disk drives 109 are in a first 
work location ^ich is separated from a second 

15 work location containing host processor 121, DSC 
107, disk controller 113 and disk drives 111. Let 
it be further assumed that for some of their work 
assignments, the users at host processor 101 work 
independently and create data records that are 

20 recorded on disk drives 109. Let it fuzrther be 
assumed that the users of host processor 121 also 
have certain independent work assignments and 
record the data records pertaining to these 
assignments on disk drives 111. However, let it 

25 also be assumed that the users of host processors 
101 and 121 have certain common work assignments 
for which it is desired to have users of both host 
processors write the data records pertaining to 
these joint assignments on disk drives 109. 

30 For these joint assignments, the users of host 

processor 101 work in the conventional manner so 
that their data records are recorded on disk drives 
109. For these joint work assignments, users of 
host processor 121 generate records which are 

35 transmitted over path 124-1 to DSC 107 which causes 
these records and associated control commands to be 
transmitted over direct data links 106 to DSC 105. 
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DSC 105 responds to the reception of these commands 
and records and causes the records to be 
transmitted over path 108 and via disk controller 
112 for writing on a selected one of disk drives 
5 109* In this Bianner, certain data records written 
by the users of both host processors 101 and 121 
are written on disk drives 109. This permits the 
users of both host processors to share the data 
records stored on disk drives 109 that pertain to 
10 the work activities common to both groups of users. 

This writing on disk drives 109 of data 
records generated by host processor 121 may be 
accomplished either with or without the use of 
extended dual copy service. If there is no need to 
15 have these records also recorded on a disk drive 
111, the system may operate as just described so 
that the data records generated by host processor 
121 are transmitted via DSC 107 to DSC 105 for 
writing on a disk drive 109. On the other hand, 
20 the writing of the records generated by host 121 
and pertaining to joint work responsibilities may 
be accomplished using extended dual copy service 
wherein a first copy of the data record is written 
on disk drive 111 operating as a local volume and 
25 by having the second copy of the data record 
written on a disk drive 109 operating on a remote 
volume basis. 

The above-described joint shearing of data 
records by users at two different host processors 
30 is advemtageous in situations in which the DSC emd 
disk controller and disk drives associated with a 
first host processor are situated at a distance 
sufficiently remote from these corresponding 
elements and a second host processor so that the 
35 aforementioned DASD operational distance 
limitations are exceeded. In this case, the system 
of the present invention permits useful system 
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operation with a distance of up to approximately 
five kilometers for data links 106* 

It may be seen in view of the above that the 
systems shown on Figxires 1, 2, 3 and 4 provide 
5 greatly improved data availability for users who 
must take all practicable steps to ensure a high 
degree of data integrity and data availability 
under all possible adverse operating conditions. 



Description of Figure 5 

10 Figure 5 shows further details of the system 

of Figure 3* Specifically, Figure 5 shows a 
plurality of host processors 101 through 121, 
connected to DSC 105. DSC 105 is connected via 
disk controller 112 to disk drives 109-0 through 

15 109-n. DSC 105 is connected to data links 106-0 
and 106-1 which extend to DSC 107. DSC 105 
comprises storage clusters 501 and 507 each of 
which comprises a pair of storage paths and a 
multi-path storage director. Storage cluster 501 

20 comprises storage paths 504 and 506 and multi-path 
storage director 503. Storage cluster 507 
comprises comparable elements 508, 509 and 511. 
Host 121 is connected over path 134-1 to multi-path 
storage director 503 of cluster 501 and over path 

25 134-0 to multi-path storage director 508 of cluster 
507. Host 101 is connected over path 104-1 to 
storage director 503 and is connected over path 
104-0 to storage director 508. 

In a manner well-known in DASD subsystems, DSC 

30 105 contains cache memory 512 having a volatile 
store portion (VS) 521 and a non-volatile store 
portion (NVS) 520. Conductors 108-0 and 108-1 
interconnect storage paths 504 and 506 of storage 
cluster 501 with disk controller 112. Conductors 
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108-2 and 108-3 coimcct disk conturoller 112 with 
storage paths 509 and 511 of cluster 507. 

The function of DASD sub-systems containing 
DSCs and disk drives is well-known in the art emd 
is shown in the IBM publication GA32-0098«'0, 
**Storage Subsystem Library IBM 3990 Storage Control 
Introduction", first edition, p\ablished in 1987 by 
the International Business Machines Corporat^ion and 
available at any IBM local bxranch office. The DSC 
and disk drives of the present invention perform 
many functions in a manner similar to that of the 
IBM 3990 Storage Control and its disk drives. 
Therefore, the functions of the DSC 105 of the 
present invention that are similar to those of the 
IBM 3990 system are only briefly mentioned herein. 
The functions of DSC 105 of the present invention 
that are not comparable to those of the IBM 3990 
system are described in detail. 

The system of Figure 5 operates in a manner 
similar to the IBM 3990 system for host read eoid 
write requests that are received by DSC 105 for 
execution by disk drives 109 to which DSC 105 is 
connected via paths 108. The two storage paths 
within each clxister provide separate facilities 
that may be used concurrently to provide separate 
communicat:ion paths between the host processors and 
the disk drives 109 » Each storage path within a 
cluster may independently process a host read and 
write request. As in the IBK 3990 system, volatile 
store (VS) 521 and non-volatile store (NVS) 520 are 
used on write requests requiring the services of 
cache memory 512. Read requests normally require 
the service of only VS 521. 

By way of distinction from the IBM 3990 
subsystem, the system of Figure 5 additionally 
contains data links 106-0 and 106-1 which extend to 
DSC 107 which may be separated a considerable 
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distance, such as five thousand meters, from DSC 
105. As is stibseguently described in detail, this 
permits the system of Figure 5 to operate with DSC 
107 and its disk drives 111 to write extended 
5 duplicate copies of records recorded on specified 
disk drives 109 • 

The 3990 system provides user controllable 
duplicate copy service of the type shown by 
Crockett that is limited to a single DSC and its 

10 disk drives. In other words, when requested by a 
host processor, the IBM 3990 system can cause 
duplicate record copies to be written by two 
different disk drives connected to a single DSC» 
In the IBM 3990 system, a user generates a host 

15 system command which instructs its DSC that all 
write reqpiests to certain user specified volumes 
are to be executed by causing duplicate copies of 
each record to be written to the specified volumes. 
The duplicate copies are written by two different 

20 disk drives connected via one or more disk 
controllers to a single DSC. While the 
conventional IBM 3990 dual copy arrangement 
provides improved data availability over a single 
copy mode of operation, it is subject to failure if 

25 the single DSC or disk controller 112 serving the 
disk drives 109 containing the two copies should 
fall. 

In the system of Figure 5 and in accordance 
with the invention, the user generates a host 

30 commemd sequence that is transmitted to DSC 105 
instructing it that on all subsequent write 
requests to a user specified volume, extended 
duplicate copies of the records are to be written 
with one copy being written by a disk drive 109 and 

35 with the other copy being written by a disk drive 
111 of DSC 107 on Figure 3. 



Let it: be assumed that DSC 105 receives a 
write request for a volume that a user has priorly 
specified is to be operated with extended dual copy 
service. This received write request is initially 
processed by the storage cluster 501 or 507 that 
receives the write request cund, in a manner similar 
to the IBM 3990 system, the request is transmitted 
via conductors 108 to disk controller 112 which 
ultimately causes the write request to be written 
by the disk drive 109 coxqprising the user specified 
volume. The storage cluster receiving this request 
also communicates with cache 512 axid causes the 
write request to be stored in cache 512. Cache 512 
and the storage cluster operate cooperatively to 
extend the request over one of data links 106-0 or 
106-1 to DSC 107 • The request is received and 
stored in the cache memory of DSC 107. The cache 
memory of DSC 107 and one of its storage clusters 
process the received request and cause a copy of 
the record to be written on one of the disk drives 
111. 

DSC 105 can also operate to write an extended 
dual copy of a record on one of its disk drives 109 
when the first copy of the record is written on a 
disk drive 111 of DSC 107. In this case, DSC 107 
receives a write request for a specified volume for 
which extended dual copy service has been priorly 
requested and causes the first copy of the record 
to be written on one of disk drives 111. The cache 
memory within DSC 107 transmits the request over 
one of data links 106 to cache memory 512 of OSC 
105 of Figure 5. Following this, cache memory 512 
and one of storage clusters 501 or 507 operate to 
cause an extended dual copy of the record to be 
made by one of disk drives 109. 

DSC 105 is comparable to the storage control 
shown in the aforementioned IBM 3990 publication in 
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that it serves a pltirality o£ host processors, that 
it contains a pair of storage clusters each of 
which contains a single multi-path storage director 
and a pair of storage paths. Except for the 
5 extended dual copy operations, the other system 
functions of the system of Figure 4 need not be 
further described since they are similar to those 
of the IBM 3990 system. 

Description of Figures 6 through 8 

10 Figures 6 through 8, when arranged as shovn on 

Figure 9, disclose fui±her details of the system of 
Figure 5. The left side of osc 105 on Figure 6 
connects to a plurality of host processors 101 
through 121 and on its right side on Figure 8 

15 connects to a plurality of disk drives 109 via disk 
controller 112. As on Figure 5, DSC 105 comprises 
a pair of storage clusters 501 and 507. The 
elements comprising storage cluster 501 are shown 
in detail; the elements comprising storage cluster 

20 507 are shown only diagrammatically since they are 
identical to those of storage cluster 501. 

The host processors are connected via channels 
and paths to ICI elements 601 within each storage 
cluster. Each host processor is connected to two 

25 different ICI elements in each cluster. Thus, host 
processor 121 is connected via cheumel 123-0 and 
path 134-10 to ICI element 601-0. Host processor 
121 is also connected via channel 122*-*0 and path 
134-11 to ICI element 601-n of cluster 401. Host 

30 processor 121 Is further connected via channels 
123-1 cuid 122--1 and over paths 134-00 and 134-01 to 
ICI elements (not shown) within storage cluster 
507. These connections permit each host processor 
to have a plurality of connections to each storage 

35 cluster so as to provide a non-blocking 
configuration in which a requesting host will 



wo 91/20034 



22 



normally have an available connection to each 
storage cluster. 

As is the case in the IBM 3990 system, each 
storage cluster provides a pair of storage paths 
5 extending to disk controller 112 and disk units 
109. These duplicated paths penait each storage 
cluster to serve a pair of host read or write 
requests concurrently. The ICI elements comprise 
an interface which operates tuider control of 
10 microprocessors 608 and 613 to interconnect one of 
the two left-side chaimel ports of an ICI element 
with one of its two right side ports to control 
busses 606-0 and 606*»1. A read or write request 
received by an ICI element, such as 601-0 of 
15 cluster 501 on path 134-10, may be extended to ICC 
element 603-0 via path 602-0 of the upper portion 
of the storage cluster or may be extended over path 
602-1 to ICC eleouent 603-1 of the lower portion of 
storage cluster 501. The ICI elements are 
20 connected over either control bus 606-0 to 
Biicroprocessor 608-0 and is further connected via 
control bus 606-1 to microprocessor 608-1. 

Each ICI interface element 601, in conjunction 
with microprocessors 508 or 613, facilitates 
25 communication of DSC 105 with a host channel, such 
as 123, to accept selection, transfer of channel 
commands to DSC 105, transfer of status from DSC 
105 to a channel and transfer of data in either 
direction as is well-known in DASD systems. DSC 
30 105 also sends commands to disk controller 112 to 
concurrently move DASD actuator mechanisms (seek) , 
initialize each of the DASDs to compare a required 
sector against the actual sector currently under 
the DASD actuator (set SECTOR) , read any of the 
35 count, key or data fields (where such architecture 
is implemented) or other fixed-length fields, where 
fixed block architecture is implemented. DSC 105 



wo 91/20034 



also includes cap£d>ilities to compare the contents 
of a field read from a disk unit 109 against data 
received from a channel and to respond with low, 
equal, or high status. Data transfer is 
5 accomplished by first moving a DASD actuator to the 
desired track and then waiting for a pre-defined 
sector to occur imder the head. The data transfer 
path is normally disconnected while these 
operations go on and reconnected at their 

10 conclusion while being free to effect other 
operations. Following this, a count field is read 
from the disk unit. Data from this count field is 
then compared with the data from a channel and when 
the comparison is satisfied, the following field 

15 may be written on the record. If the operation is 
a READ (as dictated by a read > command from a 
channel) , data is read from the appropriate disk 
drive and is eventually presented on a channels 
If the operation is a write, data is received from 

20 the chaxmel, stored in DSC 105 and then presented 
to the appropriate disk drive 109 via the disk 
controller 112. 

Busses 602-0 and 602^1 on the right side of 
ICI elements 601 are connected to the left side of 

25 ICC elements 603-0 and 603*^1. The ICC elements are 
prlmsurily responsible for implementing the dasd 
data streaming function and protocol. This 
function is well-known and is described in IBM 

publication GA22-6974-09, File No. S360/S370-19 
30 entitled ''IBM System/360 & System/370 I/O Interface 
Channel to Control Unit Original Equipment 
Manufacturers' Information." This ICC element 
monitors the data flow to and from the channels and 
the adherence of the data flow to required 
35 protocols. As long as the data flow meets the 
protocol requirements, the ICC element is 
essentially invisible to the data flow insofar as 



the present invention is concerned. The ICC 
element is functionally operative only in the event 
that the data flow fails to meet the protocol. In 
this case the ICC element advises microprocessors 
608 and 613 of this condition so that the 
microprocessors can take the required remedial 
action. 

A read or write request received by a 
particulcir ICI element, such as ici element 601-0 
is extended over path 602-0 and through ICC element 
603-0 to the CH-ADT bus 604-0* This bus extends to 
IBC element 609*-0 as well as to cache memory 512. 
The IBC element 609-0 is subsequently described in 
detail and il: comprises a bi-directional switching 
element which can connect either of its two left- 
side ports with its right-side port. The right- 
side port connects to CTL-I path 108-0 which 
extends to disk controller 112. On its left side, 
the IBC element is connected on its upper port via 
the CH-ADT path 604-0 to ICC element 603-0. The 
IBC element 609-0 is connected by its lower left 
port to the DEV-ADT path 611-0 extending to cache 
memory 512. 

The IDI elements 614-0 and 614-1 are 
subsequently described in detail and comprise 
intelligent electrical to optical interfaces that 
permit cache memory 512 t:o "transmit, da'ta over paths 
616 and optical data links 106 to DSC 107 on 
operations in which extended dual copy service is 
required. The IDI elements 614 are connected to 
remote control busses (RC) 612. 

The ICA elements 607 are bi-directional and 
connect 1;o control busses 606 to convert the timing 
and control pulses on control busses 606 to the 
timing and control pulses required to operate cache 
memory 512 and IDI elements 614. These converted 
pulses are applied by each ICA element 607 over its 
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associated RC path 612 to cache memory 512 and XDI 
elements 614. The SM elements 612 and 613 are 
memories that are shared jointly between the 
microprocessors 608-0 and 608-1 and microprocessors 
5 613-0 and 613-1 in cluster 507. These 
interconnections pemit memories 612 and 613 to 
share memory information with both the upper and 
lover portions of storage cltxster 501 and cluster 
507, 

10 The lover portion of storage cluster 501 

comprises an ICC element 603-*l, an XBC element 609- 
1, and an ICA element 607-1 with each such element 
being identical in function to that already 
described for the correspondingly designated 

15 elements on the upper portion of storage cluster 
501. Similarly, storage cluster 507, vhicb is 
shovn only diagrammatical ly, contains elements 
identical to those shown in detail for storage 
cluster 501, The connections extending from 

20 storage cluster 507 to cache memory 512 permit 
cache memory 512 to serve the elements of storage 
cluster 507 as veil as those of storage cluster 
501. 

The elements shovn in detail on Figures 6 
25 through 8 to permit DSC 105 to perform many read 
and write DASD functions in a manner con^arable to 
the IBM Model 3990 storage control unit. Thus, the 
system of Figures 6 through 8 can perf era DASD fast 
write operations which improve the storage 
30 subsystem performance because immediate access to 
the disk units 109 is not required for write hits 
and for full-track format writes. A DASD fast 
write operation stores the received data 
simultaneously in the VS portion 521 of cache 512 
35 as well as in NVS cache portion 520. Access to 
disk drives 109 is not required to complete a DASD 
fast write operation for write hits. Because a 



copy of the record dat:a is written to NVS 520, DSC 
105 returns channel end and device end status 
signals to the host at the end of the data transfer 
to VS 521 and NVS 520. This allovs the host 
program to continue processing without waiting for 
the data to be written to disk drives 109. The 
data remains in VS 521 and in the NVS 520 until the 
data is subsequently written to disk drives 109 to 
free space in the VS or the NVS. Most write 
operations write directly to the cache memory 512 
without going to the disk drives 109. This results 
in the same operational performance as does a read 
hit operation. 

On DASD fast-write operations, the information 
is received from a host, such as host 121 over path 
134-10, euid is extended through ICI element 601-0 
and ICC element 603-0. From there, it is extended 
over CH-ADT path 604-0 directly to cache memory 
512 • The cache memory 512 writes the information 
into VS 521 and NVS 520. S\ibseguently, when the 
information is to be written to a disk drive 109, 
the information is read out of the cache on path 
611-0, extended through IBC element 609-0, and 
applied over CTIi-I path 108-0 to disk controller 
112 which causes the information to be written to 
one of the disk drives 109. If the system is 
unable to write data from the cache memory, the 
copy in NVS portion 520 of the cache is used to de- 
stage the data. DASD fast write operations allow 
fast write hits and preserve data integrity and 
availability by maintaining two copies of all data 
modifications. One copy is in VS 521 while the 
other is in NVS 520. 

The system of Figures 6 through 8 permits data 
to be transferred between a chemnel and cache 512, 
between a channel and a disk drive 109 and between 
a disk drive 109 and the cache. Data can be 
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transferred from a disk drive 109 to a channel at 
the same time the data is written to the cache. 
Data transferred from a channel to a disk drive 109 
may also be transferred to the cache. Data can 
5 also be transferred between the cache and a channel 
and between the cache and a disk drive 109 at the 
same time. Data transfers to the cache can also go 
to the NVS 520 at the same time. Data transfers 
are made from the NVS 520 to disk drives 109 for 

10 error and data recovery conditions only. 

If a copy of a data record is in cache memory 
512 when the cdiannel initiates a basic write 
caching write request (write hit) , DSC 105 writes 
the data directly to a disk drive 109 at the same 

15 time writes the data into the cache memoxry. The 
record in the cache is updated because it may be 
referred to again. However, before DSC 105 can 
signal the operation as complete to the channel, it 
must ensure that the record has been successfully 

20 written to the disk drive. The record is 
simultaneously written to the cache and to the disk 
drive with the device-end signal returned at 
completion. This is an example of branching data 
transfers. Writing to the disk drive provides data 

25 integrity because copies in the cache memory and 
the disk drive are identical. When a record being 
updated is not found In the cache memory, the 
condition is termed a write miss and the record is 
written directly to the disk drive emd not written 

30 to the cache memory. 

The system of Figures 6 through 8 also 
processes read requests in which the requested 
record is not in the cache (read misses) as well as 
read requests for which the requested record is in 

35 the cache (read hits) • If a copy of the data is in 
the cache when the host processor initiates a read 
request, DSC 105 transfers the desired data from 
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the cache to the host via CH-ADT path 604-0 and the 
dhaimel. If a copy of the data is not in the 
cache, DSC 105 sends the requested data directly to 
the channel from the disk drive and at the same 
time writ s the data (plus the rest of the data 
from that, record t:o the end of the track) into the 
cache memory in anticipation of future use. 
Subsequent requests for following records on that 
track are then read from the cacdie memory and are 
read hits. 

The extended dual copy feature of the present 
invention provides a number of importcmt advantages 
over known DASD systems* It protects data record 
availability on a critical volume from a single 
device f ailture by causing the concurrent writing of 
the data records t:o separate devices of separate 
subsystems. Data transfer operations are switched 
to a secondary device on the other subsystem if a 
failure occurs of a primary device. The sswitching 
is transparent to the application program. It 
provides for near continuous operations by 
providing a back**up copy if access is lost to one 
of the dual copy devices. Lastly it ensures that 
a second copy is always available that is identical 
to the primaoiry. The status of the extended dual 
copy operation is kept in the SM 612. Extended 
dual copy is activated or deactivated by a host 
system camoBiand sequence. Using the extended dual 
copy feattire requires no modifications to access 
methods or applications. 

The two disk drives involved on an extended 
dual copy operation are termed a duplex pair 
comprising a local device and a remote device. The 
extended dual copy operation is managed by the 
subsystem. All I/O operations are directed to the 
local volume. The system automatically updates 
both copies of the data. Data is accessed from the 
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remote disk drive only if the local disk drive or 
DSC is not available. The duplex pair is 
established by host system commands. The remote 
drive is automatically synchronized with the local 
5 drive when both volumes remain available to the 
subsystem* Because the remote drive is offline, 
the processor knows of only one device — the local 
drive. The write operation to the remote device is 
transparent to the host. The DASD fast write 

10 capability can be applied to the extended dual copy 
capability to produce an extended fast dual copy 
capability. This results in an optimum of data 
availability, performance and reliability. 

With regard to extended dual copy operations 

15 and the system of Figures 6 through 8, let it be 
assumed that a user has transmitted system commands 
to storage cluster 501 to prepare it for the 
establishment of extended dual copy service for a 
specified volume lOd. These commands are received 

20 by microprocessor 608*-0 of storage cluster 501 
which, working with the shared memory 612, effects 
the system operation so that all subseg[uent write 
requests to this specified volume are processed on 
an extended dual copy basis. Subsequently, when a 

25 record write request is received for the specified 
volume, the record is written to the disk drive in 
each of DSCs 105 and 107 serving the specified 
volume. Let it be assumed that the record for the 
subsequent request is wri1:ten to disk drive 109-n. 

30 At the same time, cache memory 512 and 
microprocessor 608 working together cause a copy of 
the record to be applied over one of paths 616 and 
one of IDI elements 614 for transmission over one 
of optical data links 106 to DSC 107 • This 

35 received record is entered by DSC 107 into its 
cache memory • From there it is applied via its IBC 
element 609 to its disk controller 113 for writing 
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on the disk drive 111 which has been designated as 
the remote unit of the duplex pair designated for 
extended dual copy service. A duplicate copy of 
the record is written on this particular disk drive 
5 111 and following this operation, DSC 107 transmits 
an acknowledgment message back over one of the 
optical links 106 to DSC 105 advising it that the 
duplicate copy of the record has been recorded on 
a disk drive 111. Following the receipt of this 
10 acknowledgment on extended dual copy write 
operations, DSC 105 returns a signal to the chcuinel 
that the extended dual copy write operation has 
been completed. For extended fast dual copy write 
operations, the completion signal is returned to 
15 the channel when the record is received and 
acknowledged by the cache of the remote DSC* 

The XBC element on Figure 10 includes a full 
track buffer 1005 that can store the entire 
contents of a disk drive track as well as control 
20 information. The XBC element is accessed at its 
front end by CH-ADT bus 604-0 and at its back end 
by CTL-I path 108-0. The ADT interfaces 1003 and 
1004 and the device interface 1013 contain control 
logic that manipulates data streams that pass 
25 through the interfaces so as to meet count key data 
format requirements. The function of the XBC 
element is controlled by microprocessor 608 over 
path 606-*0 which instructs the XBC element to 
configure itself and initiate data transfers. 
30 Information that the XBC element uses for 
configuring itself is stored in the full track 
buffer 1005. 

The full track bxxffer 1005 is used for 
manipulating count key and data (CKD) fields as 
35 they pass thirough the XBC during syncSironous data 
transfers. Microprocessor 605 writes and reads 
information from all registers of the XBC element. 
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Three ports comprise "the data path through the 

* 

IBC element » At the right side is the control 
int rface (CTL-I port) vhich connects to one or 
more disk controllers 112. On the left side is the 
5 port to CH-ADT bus 604-0. The DEV-ADT port is 
connected over path 611-0 to cache memory 512. 

The IBC element operates in two different 
modes* In a first mode, microprocessor 508 has 
read/write access to all registers within the IBC 

10 element emd to the data stored within buffer 1005. 

In this mode, drivers 1003, 1004 and 1013 are 
disaU^led by allowing the microprocessor to run 
diagnostics Internal to the IBC element without 
disturbing other hardware electrically connected to 

15 the IBC. The microprocessor 608 also uses this 
mode to prepare the IBC element for synchronous 
data transfers. 

After microprocessor 608 has prepared the IBC 
element for a synchronous data transfer, it places 

20 the IBC element in the run mode. Control of the 
data transfer is then maintained by the buffer 
stage controller 1011. Controller 1011 monitors 
the data transfer and causes stage transitions to 
occur as the data transfer progresses. These stage 

25 transitions are necessary to support the CKD 
format. 

Memories 612 are shared by microprocessors 608 
and 613 within DSC 105. The memories may be S12k 
by 36 bits, arranged as four 8 -bit bytes with 

30 parity. There are two shared memories (612-0 and 
612-1 in DSC 105. Redundancy is achieved by 
writing and reading simultaneously over two 
separate busses with the same data. 

The shared memory 612 is memory mapped and 

35 control exists to enable the use of one or both of 
the shared memory busses 630 and 631. When 
reading, the data on both busses 630 and 631 is 
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compared and an error is postied If a laisioa'tch is 
detected* Microprocessor 508 performs the DSC 105 
control functions* It consists of a dual 
commercial AMD 29000 processor, processor program 
5 and data memories, a shared memory interface, a 
local control bus interface, a maintenance 
interface and interrupt controller, a timer, and 
error checking and status logic. 

Control busses 606-0 and 606-1 provide the 

10 communication path between microprocessor and other 
elements of DSC 105. Registers of elements 
connected to busses 606 are memory mapped into the 
microprocessor 608 address space. When these 
registers are accessed, the microprocessor bus 

15 cycle is held pending by inserting wait cycles 
until the bus is granted and the data transfer is 
con^leted. 

The cache memory subsystem consists of all the 
elements necesseury to perform high speed data 

20 storage and retrieval operations recpiired. The 
cache controls read and write operations to VS 521 
or NVS 520. It has an interrupt structure that 
notifies the appropriate microprocessor when a 
cache stibsystem event requires service. It has 

25 diagnostic operations that test the functionality 
of the external interfaces, the internal busses, 
and error detection and reporting logic. It has a 
performance capability that monitors and reports 
when the software waits for cache resources and a 

30 field replaceable unit identification mechanism 
that permits the microprocessor to determine the 
size emd configuration of the volatile and non- 
volatile memory. 
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Flmire 11*-IDI Element 

Figure 11 discloses further details of IDI 
element 614 of Figure 8. The connections to the 
IDI element of Figure 11 are designated in the 
5 manner to facilitate their correspondence with the 
IDI element of Figure 8. Data bus 616-0 on Figure 
11 corresponds to the like designated element on 
Figure 8 and extends to cache memory 512. 
Similarly, the optical data link conductors have a 
10 group designation of 106-0 with the individual 
paths of this group being designated as 1, 2, 3 and 
4. The RC conductors designated 612-0 and 612-1 of 
Figure 8 extend on Figure 11 to control element 
1105. 

15 The IDI element of Figiire 11 further comprises 

a packetizer 1101, a de^-paoketizer 1102, a second 
packetizer 1103 and a second de-*packetizer 1104. 
Conductors 1111 through 1114 interconnect control 
element 1105 with the packetizers and de-packetizer 

20 elements. Packetizer 1101 operates under control 
of control element 1105 and receives data signals 
over data path 616*^01. These signals are converted 
to a packetized format and extended as optical 
signals over path 1 of group 106-0 to the 

25 corresponding IDI element and a de-packet izer 
therein of another DSC. Packetizer 1103 operates 
in the same manner, it receives data signals on 
paths 616-03, it converts th^ to a packetized 
foxrmat and transmits them over path 3 of group 106- 

30 0 to a de-packetizer in a corresponding IDI element 
of the other DSC« De-packetizers 1102 and 1104 
receive the packetized optical signals on paths 2 
and 4, respectively, of group 106-0 and convert 
these signals to a standard data format and apply 

35 the converted signals to paths 616-02 and 616-04 of 
data bus 616-0. 
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Bach packetizer/de-packetlzer pair such as 
elements 1101 and 1102 can handle a bi-directional 
data coiQXQunicat ion • The two packetizers and the 
two de*packetlzers shown on Figure 11 permit data 
5 link 106«-0 simultaneously to handle two independent 
data coBoaunications between the pair of DSCs 
interconnected by data link 106-0 « The packetizers 
and de-packetizers on Figure 11 include the 
necessary facilities, such as optical drivers and 
10 receivers, to communicate with optical paths 106. 

DESCRIPTION OF CHjOINEL COMMANDS 

The following describes the manner in which 
the system of the present invention, in particular 
DSC 105, responds to the reception from the host of 

15 unconventional channel program commands which are 
used to manage extended dual copy service. DASD 
channel program commands are well**known and are 
described in detail in Chapter A of an 
publication 32-0099-3 entitled IBM 3990 Storage 

20 Control Reference, Fourth Edition (December 1989) • 
The chazmel, such as 123-0, receives a start 
subchannel instruction from the host to start a 
channel program and then fetches a channel address 
word (CJVlff) for the program which is a four-byte 

25 word located in main storage of the host. The C&W 
contains the address of the first channel command 
word (can) in the chain of CCI7s comprising the 
chaimel program which is located in the host 
memory. She channel responds to the start 

30 subchannel instruction and fetches the first CCW of 
the Chctnnel program from the address specified by 
the CAW. A CCW is eight bytes in length. One byte 
is an operation code that identifies the specified 
command. Three bytes specify the memory address of 

35 an associated parameter list or information 
involved in the operation. 



wo 91/20034 



35 



ri^ I / 1 # 



After receiving the first CCW, the channel 
selects *a specific peripheral storage device such 
as a particular disk drive 109, by sending the 
device address to DSC 105. I£ the selected disk 
5 drive 109 is available, the command code for the 
first CCW is sent to DSC 105 which returns an 
initial status byte to the channel indicating that 
the specified disk drive is available. If the 
selected device 109 indicates busy in the initial 

10 status byte, a signal is sent to the host 
indicating this and the command is issued again by 
the host a short time later. DSC 105 can execute 
a series of CCHs from a single start subchannel 
instruction by the activation of a flag bit in each 

15 CCH. This function is referred to as conooand 
chaining axiA is well<*knovn. This function is also 
described in IBM document No. SA22-7085 entitled 
*'IBM Systei^/370 Extended Architecture Principles of 
Operation." 

20 A path such as path 134-10 interconnects 

channel 123-0 with interface circuit ICI element 
601-0. This path comprises an I/O interface path 
and it is described in detail in IBM p\2blication GA 
22-6974-09 entitled, "IBM System/360 and System/370 

25 I/O Interface Channel to Control unit original 
Equipment Manufacturer's Information," 10th ed. 
(February 1988) ,^ International Business Machine 
Corporations 1987. This publication discloses in 
detail the specific conductors that comprise an 

30 interface path such as 134-10. It further 
describes the details of the signals that are 
treuismitted over the path conductors to control the 
DASD operations when information is written to and 
read from the disk drives. Since these details are 

35 well'-known and are described fully in the 
aforementioned IBM publication, they are not set 
forth herein. 
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In a well-known loanner, element: ICI 601-0 and 
DSC 105 de-tenaine tlxa't a specified disk drive such 
as 109-5 is available and they return a signal back 
over interface path 134-10 to channel 123-0 
5 indicating that the disk drive 109-5 is available. 
Having received this return signal, the host 
processor and the channel 123-0 cause the series of 
CCW conanands about to be described to be 
transmitted over interface path 134-10 to ICI 

10 element 601-1 of DSC 105 « Bach command received by 
an ICI element is extended through ICC element 603- 
0 to microprocessor 608-0 and its shared memory 612 
tor processing and storage within m^ory 612. Ibe 
ICC element 603*0 performs a data streaming 

15 function which is fully described in chapter 3 of 
the referenced IBM publication and need not be 
described in further detail herein, 

DASD write requests are conventionally 
established by the transmission over the chsmnel of 

20 a DEFINE EXTENT command followed by a LOCATE HECORD 
command followed by a WRITE command. The DEFINE 
EXTENT commeuid performs a number of functions the 
main one of which is to define limits on operations 
which follow in the same channel program. The 

25 LOCATE RECOBD command causes the head to be 
positioned to a specified cylinder, track, and 
sector number. The LOCATE RECORD command also 
causes the subsystem to search for a specified 
record starting with the specified sector. The 

30 NRITE command causes the specified disk drive to 
write the data transmitted immediately following 
the WRITE command to the disk drive. A read 
operation from a disk drive is controlled by the 
sequential transmission of a DEFINE EXTENT command, 
35 a LOCATE RECORD command and a READ command. 

The DEFINE EXTENT command and the LOCATE 
RECORD command are each associated with a block of 
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datLa comprising a parameter List which specifies 
information required by the OASD system to effect 
the system operation associated with each coiomand. 
The parameter list for each command is transmitted . 
5 to the DASD subsystem immediately following the 
channel command. The full sequence of channel 
commands and associated parauaeters and data 
transmitted on an exemplary DASD subsystem 
operation is: 

10 DEFINE EXTENT command 

DEFINE EXTENT Parameter List 

LOCATE RECORD command 

IX)CATE RECORD Parameter List 
WRITE DATA command 
15 DATA to be transmitted 

READ COUNT KEY DATA 
DATA that is read 

Figure 14 discloses a standard DASD chemnel program 
that writes the data field of a specified record of 

20 a specified disk drive and subsequently reads the 
count, key, and data fields of the record which 
immediately follows the record just updated. The 
program begins on line 1 when a channel address 
word (CAN) is fetched by the host channel. one 

25 field of this CAW is a pointer 1400 to the memory 
location of the first channel command word (CCW) 
(line 2) of the program. The fetching of the CAW 
of line 1 causes the channel program to start with 
the DEFINE EXTENT command of line 2. The format of 

30 the channel program commemd words is shown in lines 
2-5 of Figure 14. The left-most field comprises 
the operation code, the next field is a command 
chaining flag field (CCFL) . Next is the count 
field; the right-most field is the data address 

35 field which is a pointer to the memory address of 
the parameter list or data associated with the 
command. The DEFINE EXTENT command of line 2 has 
an operation code of DX, a CCFL flag of 1 
indicating that this command is not the last 
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command of the cheumel progreua. The count field is 
16 indicating the number of bytes in the DEFINE 
EXTEHT Parameter List of line 6. The data address 
field contains the memory address location of the 
5 first byte of the DEFINE EXTENT Parameter List of 

line 6. This DEFINE EXTENT Parameter List is shown 
in line 6 with pointer 1401 indicating the 
relationship between the data address field of the 
DEFINE EXTENT command of line 2 and the address of 

10 the beginning byte of the DEFINE EXTENT Parameter 
List of line 6. 

The DEFINE EXTENT command of line 2 is first 
sent to the DASD subsystem of Figures 6 through 8 
and the DEFINE EXTENT Peorameter List is next sent. 

15 The receipt of the DEFINE EXTENT comand of line 2 
and the DEFINE EXTENT Parameter List of line 6 
causes the DASD system to perform the well-known 
system operations specified by the information of 
lines 2 and 6* Next, the LOCATE RECORD command of 

20 line 3 is sent to the DASD subsystem and 
immediately thereafter the LOCATE RECORD Parameter 
List of line 7 is sent. The DASD siibsystem then 
effects the system operations associated with this 
information • 

25 Next, the HRITE DATA command of line 4 is sent 

to the DASD subsystem and is followed by the data 
that is to be written which is symbolically shown 
in line 8* As subseqpiently described, and for 
other uses, the information of line 8 is termed a 

30 "REQUEST PACKET." The host next causes the READ 
COUNT KEY DATA command of line 5 to be transmitted 
to the DASD subsystem which then reads the count, 
key, and data fields of the next record on the same 
track said transmits this data of line 9 to the 

35 host. For other uses, the information of line 9 is 
termed a **RESPONS£ PACKET." The foregoing 
describes how the host employs conventional DASD 



IBM 3990 Channel program commands to cause data to 
be written and read by DSC 105, 

In accordance with the present invention, the 
host processor transmits a sequence of channel 
5 commands similar to that shown on Figure 14 in 
order to instruct the DASD system to prepare itself 
for the provision of extended dual copy service to 
specified disk drives. For this extended dual copy 
service, the host trsmsmits a sequence of chaimel 

10 commands comprising DEFINE EXTENT, LOCATE RECORD 
and WRITE DATA to the DASD system together with a 
parameter list and/or data for each such command. 
The transmitted parameter lists contents differ in 
specific ways from the aforementioned standard DASD 

15 commcuids, parameter lists and data. In order to 
prepare the system for the provision of extended 
dual copy service, the host transmits a series of 
chaiuiel commands comprising the DEFINE EXTENT 
command of line 2 of Figure 14 followed by a DEFINE 

20 EXTENT Parameter List which is similar to that of 
line 6 of Figure 14 but whose details are shown on 
Figiire 15. Next transmitted is the LOCATE record 
command of line 3 of Figure 14 followed by a LOCATE 
RECORD Parameter List similea: to line 7 of Figure 

25 14 but whose details are shown on Figure 16. Next 
transmitted is the WRITE DATA command of line 4 of 
Figure 14 followed by a block of information 
similar to that of line 8 of Figure 14 but which is 
interpreted by DSC 105 as a Request packet and 

30 whose details are shown on Figure 17. 

DSC 105 interprets the reception of the 
commands and information of Figures 14-17 as being 
a request from the host to prepare itself for the 
provision of extended dual copy service to a pair 

35 of specified volumes when the above-described 
standard DASD chaxmel commemds are subsequently 
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received requesting the writing of a data record to 
the locally specified volume of DSC 105. 

In the following description of Figures 15-17 , 
the hexadecimal notation is indicated by a symbol 
such as X'9C' containing an X and two primes. With 
regeird to the DEFINE EXTENT Parameter lAst of 
Figure 15, the following Table 11 on page 11 of the 
aforementioned IBH 3990 Storage Control Reference 
publication specifies the format of the information 
represented by each field and the number of bytes 
comprising the size of each field. 
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Table 11. Define Extent Command Parameters 



Field « 


Byte 


Parameter 


0 


0 


Nask byte 


1 


1 


Global attributes 


2 


2-3 


Block size in bytes 


3 


4-5 


III 
Cache fast write ID 


4 


6 


Reserved, must be zero 


5 


7 


Not used 


6 


8-11 


Beginning of extent address 


7 


12-15 


End of extent address 



25 



30 



Beginning on the left-most field and proceeding to 
the right on Figure 15, the DEFINE EXTENT Parameter 
Itist transiaitted by the host for the establishment 
of extended dual copy service comprises an X'9C^ in 
the MB field 0, an X'E4' in the GA field 1, Os in 
the BLS field 2, Os in the CFWID field 3, Os in 
fields 4 and 5, the begiiming extent address (BEX- 
ADD) of the CE cylinder in field 6 and the end of 
the extent address (EEX-ADD) of the CE cylinder in 
field 7. 

The details of the LOCATE RECORD Pareuneter 
List transmitted for the establishment of extended 
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dual copy service are shown on Figure 16. The 
following table 12 on page 72 of the lastmentioned 
IBM publication discloses the format of the fields 
of the LOCATE RECORD Parameter List for 
conventional DASD systems 
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Tcible 


12 • Locate 


Record Parameters 


Field « 


Byte 


Parameter Name 


0 


0 


Operation byte 


1 


1 


Auxiliary byte 


2 


2 


Reserved, must be zero 


3 


3 


coimt 


4 


4-7 


Seek address 


5 


8-12 


Search argiiment 


6 


13 


Sector number 


7 


14-15 


Transfer length factor 



20 



25 



30 
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Figure 16 shows the contents of the LOCATE RECORD 
Parameter List transmitted for the present 
invention* The OB field 0 contains X'Ol'. The AB 
field 1 contains X'00'« Field 2 contains a 0. The 
COUNT field 3 contains X'Ol'. The SEEK ADDRESS 
(SADD) field 4 contains the address of the C£ 
cylinder. The SEARCH ARGUMENT (SARG) field 5 
contains X'C5C3C1D4FF' \riiich is considered invalid 
by conventional DASD subsystems. The SECTOR NDHBER 
(S«) field 6 contains X'OO', the TRANSFER LENGTH 
FACTOR (TLF) field 7 contains X'FFFF'. 

The details of the information block of line 
8 of Figure 14 is termed a Request packet when 
transmitted for the establishment of extended dual 
copy service and is shown on Figure 17 and is 
transmitted to DSC 105. The MSG ID field 0 of the 
Request packet of Figure X3 contains MECG 5 which 
stands for Manage Extended Copy Group. The REQUEST 
TYPE field 1 contains ESTB which stands for 
Establish Extended Dual Copy Service. The LV 
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(local volume) field 2 contains a 3 indicating that 
disk drive 3 associated with DSC 105 is to provide 
e3ctended dual copy service. The RV (remote volime) 
field 3a contains a 1 indicating that disk drive 1 
5 of remote DSC 107 is to be paired with disk drive 
3 of local DSC 105 for the provision of extended 
dual copy service by this pair of disk drives. The 
function of f ields 3 i through 3n are later 
described. The MESSAGE COMPLETION STATUS field 4 
10 specifies the status of the completion of this 
request. It alternatively indicates either that 
the request was executed successfully or identifies 
a system trouble if it was not executed 
successfully . 

15 The above-described transmission of the 

channel program commands of lines 2, 3 and 4 of 
Figure 14 and the associated parameter lists of 
Figiires 15, 16, etnd the request packet of Figure 17 
by the host causes DSC 105 to take the preparatory 

20 system actions required for the subsequent 
furnishing of extended dual copy service by local 
disk drive 3 emd remote disk drive 1. Although the 
transmitted channel commcmds and psurameter lists 
and request packet are similar to those used in 

25 conventional DASD subsystems for a write operation, 
the contents of the parameter lists of Figvures 15 
and 16 and the data block of Figure 17 differ firom 
those of standard DASD systems so that the coiDbined 
receipt of the information shown on Figures 14-17 

30 advises DSC 105 that this is not a standard request 
for execution of a conventional DASD write 
operation but, instead, is a request for the 
provision of extended dual copy service for local 
volume 3 paired with remote volixme 1. Upon the 
35 subsequent receipt of a standard DASD write request 
specifying local volume 3, the record associated 
with this standard write request is written on both 
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local volume 3 of DSC 105 and on reiiio1:e disk drive 
1 of DSC 107 » The above-^described conaaands are 
followed by a Read Count Key Data conmand of line 
5 of Figure 14 %Aich causes DSC 105 to return a 
5 Response packet information block of line 9 of 
Figure 14 • 

DSC 105 is now prepared to provide extended 

^ dual copy service on subsequent write requests 

received from the host specifying local disk drive 

10 3. Subsequently, the host next transmits to DSC 

105 the standard DASD program CCWs shown on Figure 

14 to cause a record to be written by both volume 

3 of DSC 105 and remote volume 1 of DSC 107. As 

shown on Figure 14, this standard program comprises 

15 the following command sequence: 

The DEFINE EXTENT command of line 2, 

The DEFINE EXTENT Parameter List of line 6, 

The LOCATE RECORD command of line 3, 
The LOCATE RECORD Parameter List of line 7, 
20 The WRITE DATA command of line 4, and 

The DATA to be transmitted of line 8. 

In response to the receipt of these channel 
program commands, DSC 105 causes the data of line 
8 of Figure 14 to be written into disk drive 3 of 
the local DSC 105 and causes the same data to be 
written into disk drive 1 of remote DSC 107. 

It should be appreciated from the foregoing 
that the system of the present invention causes 
extended dual copy service to be provided using 
standard DASD subsystem commands with the contents 
of certain fields of the parameter lists of Figures 
15, 16 and the request packet of Figure 17 being 
different from that of a standard DASD write 
operation. The transmission of the channel program 
of Figures 14'-17 to a standard D2VSD subsystem wotild 
cause the stcmdard subsystem to report an error 
condition back to the host since certain of the 
contents of certain fields of Figure 16 violate 
standard DASD conventions even though they are in 
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host-acceptable comaand format* It should also be 
appreciated that although the channel commands 
transmitted to the DASD subsystem of the present 
invention contain infomation illogical to a 
standard T^hSD subsystem, that once extended dual 
copy service is set up within DSC 105 by the 
aforementioned special DASD channel program, that 
standard DASD channel commands are subsequently 
used to control the writing and reading of data to 
the volumes specified for extended dual copy 
service. 

In response to the receipt of the above- 
described write data command that contains the 
*^manage extended copy group message" with the 
function code of establish an extended copy group 
(Figure 17} , the subsystem validates the parameters 
of the received commands, validates the state of 
the devices specified by the commands and 
detemines that it is legal to establish an 
extended copy group consisting of the two 
identified voliunes (local volume 3 and remote 
volume 1) • When the validation is successful, DSC 
105 begins the asynchronous process that causes the 
current contents of local volume 3 to be copied to 
remote volxme 1. When that process begins, but 
before it is consisted, the local DSC 105 responds 
to the read count-key data command of line 5 of 
Figure 14 in the channel program with a response 
packet and an ending status signal to the host. 
The message completion status of this response 
packet normally indicates to the host that the 
request has been accepted and that the process of 
making volumes 3 and 1 identical has been initiated 
successfully. If anything is found to be invalid 
concerning this request or if the process of making 
volumes 3 and 1 identical cannot be initiated 
successfully, for example, because a data link 106 



is not available, then ins-tead of responding to the 
read count-^key data command with a response packet 
indicating a successful initiation of the command, 
the DSC 105 responds to the host with a response 
5 packet indicating what exactly is the problem by 
the contents of the message completion status 
field. 

At this point extended dual copy service is 
established within DSC 105. DSC 105 may then 

10 receive subsequent write commands of the Figure 14 
type for all of drives 109. The microprocessor 608 
and the shared memory 612 look at the device 
address specified by each such write command and 
perform in the well-*known manner to write the 

15 records if extended dual copy seirvlce has not been 
invoked on the drives specified by these commands. 
In other words, subsequent write requests to 
volumes not requiring extended dual copy service 
are processed in the normal way. 

20 Sixbsecpient write requests to a volume 

requiring extended dual copy service are processed 
by local DSC 105, in the normal manner insofar as 
writing a record written onto local volume 3. liet 
it be assumed that DSC 105 has received commands 

25 Which specify the writing of a record to specified 
cylinder on a voltuae for which extended dual copy 
service is 1:o be provided. When DSC 105 receives 
that command, it executes it in t:he well-known 
manner. The following describes what DSC 105 does 

30 to transmit information over IDIs 614 and the 
optical data links 106 to DSC 107 t.o cause it to 
generate an extended dual copy at the mated disk 
unit (volume 1) in DSC 107. 

The way things generally work is that while 

35 the system is in the process of writing a modified 
data record onto the local disk device, a copy of 
the record is made in cache 512 of DSC 105. This 
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copy of t:he modified record is transmiht^ed over 
optical data link 106 to the cache of DSC 107. The 
request to write that modified record onto the 
remote volum of the extended dual copy pair is 
5 tremsmitted in advance of the modified data record. 
The remote disk control unit then writes the 
modified record from the cache of DSC 107 onto a 
disk 111 of DSC 107. nhen the writing process is 
complete, DSC 107 reports back over data link 106 
10 to DSC 105 that the remote copy has been updated by 
DSC 107. That's the high-level view of one of the 
alternative ways that the system operates. This 
alternative that has just been described is termed 
extended dual copy. Next described is extended 
15 fast dual copy. 

In extended fast dual copy , the record 
received by DSC 105 from the host is not 
immediately written to local disk drive 109. 
Instead, it is only retained in cache 512 of local 
20 DSC 105. This record is in both the VS and NVS 
portions of cache 512. The modified record is also 
transmitted over data link 106 to the cache of 
remote DSC 107 and is stored in its NV store. When 
the modified record has been stored in the NV store 
25 of remote DSC 107, that fact and the completion 
statixs of that storing is sent back over data link 
106 to local DSC 105. When local DSC 105 is 
informed that the modified record has been written 
successfully to both its own cache 512 and its own 
30 local NV store and also to the remote NV store by 
the remote DSC 107, then local DSC 105 reports to 
the host that the modified record has been 
successfully received by both disk subsystems. The 
disk subsystems are then responsible for processing 
35 the received modified record. What this 

responsibility entails after having released the 
host, is the process of subsequently writing the 
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modified record from cache 512 of local DSC 105 
onto the appropriate disk drive 109 of the extended 
dual copy group and also the writing from the cache 
of the remote DSC 107 onto the appropriate one of 
5 a disk drive 111 which is the other member of the 
extended copy group pair of disk drives. When all 
of that has been completed, then all of the actions 
that must be taken to comply with the host request 
to update the record have been accomplished. 

10 Next described is how the system of the 

invention executes read commands with everything 
working properly. Mien DSC 105 receives a read 
request it is necessary to understand whether the 
most current image of the virtual volume that has 

15 an extended dual copy implementation is contained 
within DSC 105 that received the read request or 
whether the most current image of that virtual 
volume is actually contained in remote DSC 107. 
The way that the most recent record version could 

20 be contained in remote DSC 107 is if a host 
attached directly to the remote DSC 107 were to 
have recently written an update of the record to 
the virtual volume in the remote DSC 107. Then 
that update may be in the process of being applied 

25 by the remote DSC 107 over data link 106 to the DSC 
105 unit which now may be responding to a read 
request from the host for the record that has been 
priorly updated by the host to a volume of DSC 107. 
In order to proceed with integrity with the 

30 read, DSC 105 must ascertain whether or not it owns 
the extended device lock or tag associated with the 
extended copy group « In order for a DSC which has 
received a read request from a host to be able to 
honor that read request, that DSC must be in 

35 possession of a token called the extended copy 
group lock for that particular virtual volume. The 
reason such a lock must exist is because only one 
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of the DSCs at any one time nay have the current 
responsibility for knowing exactly what the most 
recently updated state of the virtual volume is. 
That is to say, either of the two DSCs may from 
time to time receive and process requests from 
hosts attached to either of the two DSC units to 
write an update onto the virtual volume which is 
realized by the extended copy group* In order to 
write, it is necessary that the DSC that's going to 
write to the volume own the responsibility for the 
integrity of the volume during the write process » 
It's therefore necessary that the DSC that received 
the write request know that the other DSC is not at 
the Scune time also trying to write the same volxuae. 
So the first DSC has to obtain an extended copy 
group lock that is passed back and forth between 
the two DSCs upon the request of either one of them 
when the two DSCs require access to the volume. 
Not only is it necessary that this lock be owned by 
a DSC in order for it to provide write access to 
the volume, but it is also necessary that a DSC own 
the lock in order to provide read access. The 
reason that this is necessary is because if the 
local DSC did not own the lock, and the remote DSC 
were in the process of writing to the virtual 
volume, the local DSC could report to the host that 
* was attempting to read this record while the remote 
DSC was trying to write the record. In that case, 
the local DSC would read the old version of that 
record while the host would have written an updated 
version of the record using the remote DSC and the 
update may not yet have been processed by the local 
DSC. In order to avoid that data integrity 
exposure, the extended copy group lock must be held 
by a DSC when that DSC is processing either a read 
or a write request from a host against the 
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particular virtual volime. This is further 
described in detail on subsequent pages • 

Next described is what happens when a host is 
attempting to read a record from the virtual volume 
5 that's implemented by an extended dual copy pair 
and something is inoperable. There are several 
possible cases of that» The first case described 
is where the thing that is inoperable is the 
physical disk drive of the local DSC the host is 

10 trying to read from. Figure l shows two DSCs and 
one host. Normally the reads coming into DSC 105 
on Figure 1 would be processed through the 
appropriate one of disk drives 109. However, 
assume that the involved one of disk drives 109 is 

15 inoperable and is not available. Any number of 
problems could have made it impossible for DSC 105 
to read the record that host wants to read off of 
the appropriate ones of disk drives 109. In any of 
these cases, DSC 105 determines that it can't read 

20 the record that the host wants from the appropriate 
one of its disk drives 109. Rather than involve 
the host in an error recovexry procedure of any 
sort, DSC 105 communicates over data link 106 to 
DSC 107 that it wants to read the particular record 

25 that it couldn't read off of its local disk drive 
109. In response to receiving this message over 
data link 106, DSC 107 reads from the appropriate 
one of disk drives 111 that is the extended dual 
copy pair of the drive 109 that cannot be read 

30 from. Assume the remote volume can be read. DSC 
107 then transmits the record that is required by 
the host back over data link 106 to DSC 105. 
Actually, DSC 107 will not just transmit the one 
record that was asked for, but it transmits the 

35 entire track that contains the record that has been 
asked for. That track is then placed into cache 
512 of DSC 105 as though it had been read from the 
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appropriate one of disk drives 109. Host 101 is 
then given the data record from cache 512 of DSC 
105 without Icnowledge that the record could not be 
read from a disk drive 109. 

On Figure 2, where the host is actually 
connected to both DSC 105 and 107, let it be 
assumed that one of disk drives 109 is broken. It 
is possible that the host could be asked to access 
the record over alternate channel path 104*1 and 
DSC 107 directly without involving DSC 105. 
However, the present invention does not contemplate 
doing it that way. Instead, if the record is 
readable over data lihk 106, then DSC 105 will 
cause the record read by DSC 107 and transmitted 
over the data link 106 back to DSC 105. The host 
is then given the record over channel interface 
104*0 without the host having to further be 
involved in the error-recovery procedure. 

DATA LINK MESSAGES 

The following describes the messages that are 
transmitted over data links 106 between the DSCs 
when extended dual copy service or extended 
multiple copy service is to be provided. It has 
priorly been described in connection with Figures 
14 through 17 how commands are transmitted from the 
host to a loceJ. DSC over a channel interface path, 
such as 134-*10, to prepare local DSC 105 for the 
provision of extended dual copy service when one or 
more write requests are subsequently received 
directed to a priorly specified volume (disk drive) 
of the local DSC 105. Mien such write requests are 
received, multiple copies of the record 
accompanying each write request are created by 
writing one copy of the record on the specified 
volume of local DSC 105 and by writing another copy 
of the record on a volume of remote DSC 107. The 
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remote volume was originally specified in the 
channel program of Figures 14rl7 that conditioned 
local DSC 105 for the subsequent provision df 
ext nded dual copy service. As shown on Figure 17, 
it is assiamed that extended dual copy service is to 
be provided by volume 3 of local DSC 105 and by 
volume 1 of remote DSC 107* This service will be 
provided for all subsecpiently received record write 
requests directed to volume 3 of DSC 105. 

Mien each write data command is subsequently 
received that is directed to volume 3 of DSC 105, 
the command parameters are stored within 
microprocessor 608 and the shared memory 612 of DSC 
105. The data comprising the record is applied 
over path 604-0 and stored in cache memory 512. At 
that time, microprocessor 608 and shared memozy 
612, working together, determine that the write 
request is directed to volume 3 of DSC 105 and that 
DSC 105 is to cooperate with DSC 107 to provide 
extended dual copy service for the record 
accompanying ea^ such write request. Cache memory 
512, microprocessor 608 and shared memory 6X2 
cooperate to cause the control messages and data 
next described to be transmitted via one or more of 
IDX elements 614 and over one or more of data links 
106 from DSC 105 to DSC 107. 

The message shown on Figure 18 is the first in 
the sequence of messages that is transmitted over 
data link 106 for the provision of extended dual 
copy service for a record accompanying each 
stibseguently received write data command directed 
to volume 3 of DSC 105. Field 0 contains the 
ESTABLISH opcode for the message. The GROUP I.D. 
field 1 contains an arbitrary number which 
identifies the group to be established. Let it be 
assumed that the GROUP I.D. is 11. The GROUP TYPE 
field 2 Identifies the service to be provided for 
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the group and is shown on Figure 18 to be termed 
EXTENDED DUAL COPY. 0th r possible services are 

EXTENDED CONNECTIVITY and EXTENDED MDI.TIPIiE COPY. 

These are described elsevhere in the present 
5 application. The LOCAL VDID field 3 identifies the 
local volume that is associated with the dual copy 
service and is shown to be 3 in Figure 18. The 
BEHOTE VDID field 4 identifies the volume of DSC 
107 that is to be written to provide the extended 
10 dual copy service. Figure 18 shows this to be 
volume 1 of DSC 107. The GROUP STATE field 5 
identifies the state of the system with respect to 
the provision of extended dual copy service. 
Figure 18 shows the state to be designated as being 
15 ACTIVE. Other possible system states which are not 
shown in detail can be SIMPLEX, PENDING, SUSPENDED, 
and CONDITIONAL. The CYLINDER MAP LOCATION field 
6 indicates which DSC contains the modified 
cylinder bit map for the group. Figure 18 shows 
20 this to be DSC 105. The OWNER ID field 7 indicates 
which DSC is the original owner of the extended 
group lock for the group. Figure 18 shows this to 
be DSC 105. The SYNC PACE field indicates the rate 
at which the volumes of the group are to be 
25 synchronized. The term '"synchronized" means that 
the two volumes are to be written so as to be 
identical. The pace is shown to be RAPID on Figure 
18. The SYNC CKPT field 9 contains the CCHH 
address of the last track of the group which has 
30 been prior ly synchronized. 

When local DSC 105 receives each request to 
write a record onto a volume priorly identified for 
extended dual copy service, DSC 105 may not already <s 
own what is termed the "extended copy lock" for the 
35 volime. If it does not own that lock, then it must s 
request ownership of the lock from DSC 107 over 
data link 106. DSC 105 does this by sending a 



REQUEST OWNERSHIP MESSAGE of Figure 19 to DSC 107 
identifying the group for which it wishes to 
receive the lock. When DSC 107 receives the 
REQUEST OWNERSHIP message, and after it has 
5 finished the operations required of it in response 
thereto, it responds by transmitting a GRANT 
OWNERSHIP message of Figure 19 to DSC 105. At that 
time, local DSC 105 owns the extended copy group 
lock for the group i.d. and it can proceed to cause 

10 a dual copy of the record to be written by local 
volume 3 and remote volume l. 

The message that is sent from DSC 105 to 
request ownership of the look is shown on Figure 19 
in generalized form. Field 0 indicates various 

15 types of message. The opcode for these messages 
can be SUSPEND or TERMINATE or REQUEST OWNERSHIP or 
FORCE OWNERSHIP or GRANT OWNERSHIP. At this time, 
the opcode for the message transmitted by DSC 105 
is REQUEST OWNERSHIP and the GROUP I.D. of field 1 . 

20 is 11 to correspond to the GROUP I.D. of field 1 of 
the message of Figure 18. Let it be assumed that 
DSC 107 relinquishes its ownership of the group 
lock and transmits a message of the type generally 
shown in Figure 19 back to DSC 105. At this time, 

25 the opcode for the message is G3UVNT OWNERSHIP and 
the GROUP I.D. for the message is 11. Following 
the exchange of the REQUEST OWNERSHIP message 
followed by the receipt back of the GRANT OWNERSHIP 
message, DSC 105 owns the lock for extended copy 

30 grotip 11 and proceeds with the function of causing 
an extended dual copy of the record to be written. 
If DSC 107 had been unable to immediately grant 
ownership, it would have sent back a message of the 
type shown in Figure 20 back to DSC 105. This 

35 message would contain an opcode of REFUSAL in field 
0, a GROUP I.D. of 11 to identify the group 
involved and a REFUSAL code indicating the specific 
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reason why DSC 107 refused the request. Figure 20 
also portrays the format of a message having an 
opcode of ACKNOWLEDGE in field 0, a GROUP I*D« in 
field 1 and an ACKNOWLEDGMENT return code in field 
5 2* The fvmction of the ac3aiowledgment message is 
subsequently described. 

Next, local DSC 105 transmits a message of the 
type shown in Figure 21 over data link 106 to 
remote DSC 107 « Messages of the type generally 
10 shown in Figure 21 contain a ninnber of alternative 
opcodes in its field 0. These are PERFORM DEBEVA6E 
or READ FROM BEVY REQUEST or READY TO RECEIVE DATA 
or READ FROM BEVY COMPLETE. The message that is 
transmitted at this time h€is the opcode of PERFORM 
15 DEBEVA6E in field 0. The GROUP X.D. field 1 
contains an 11 to correspond to the GROUP X«D. of 
Figures 18 and 19* Field 2 of this message 
identifies the track on the particuleo: disk drive 
of DSC 107 that is to be written. The TRACK ID is 
20 designated as DCCHH. The D identifies the device 
that is to be written. CCHH comprises the cylinder 
and txrack address on the identified device. 

This message of Figure 21 also contains a 
field termed CACHE RECORD DESCRIPTOR whose 
25 subfields are shown on line 2 of Figure 21. 

Subfield 3 is a MODIFIED FIELD INDICATOR which 
indicates the fields of the record that have been 
modified in the cache memory of DSC 105. Subfield 
4 contains an INTERNAL RECORD NUMBER which is the 
30 ordinal position of the record on the track* 
Siibfield 5 contains the KEY OFFSET. Subfield 6 
contains a DATA OFFSET. Both of these are the 
relative byte position from the beginning of the 
record that^s going to be subseqpiently sent and 
35 indicates where the key field starts and where the 
data field starts. The DASD SEGMENT NUMBER of 
field 7 indicates the angular rotational position 
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on the track where the record actually begins. The 
RECX>RO LOGICAL IDENTIFIER of fields 8, 9 and 10 is 
user controllable and comprises the CCHHR address 
information, the KEY LENGTH information and the 
5 DATA LENGTH of the count field that actually is 
* going to be sent in a CKD transfer message as 

Btibseguently described. 

In response to the reception of the PERFORM 
DEBEVAGE message of Figure 21, the remote DSC 107 

10 returns a message of the type shown in Figure 21 
and containing the opcode of READY TO RECEIVE DATA 
in its field 0. The information in the other 
fields of this message is identical to that for the 
PERFORM DEBEVAGE message as already described. 

15 Local DSC 105 now transmits the CKD transfer 

message shown in Figure 22 over data link 106 to 
DSC 107. This message contains the actual contents 
of the recoard that is to be written by volume 1 of 
DSC 107. This message contains the opcode of CKD 

20 TRANSFER in its field 0 and in fields 1, 2 and 3 
contain the COUNT FIELD information, the KEY FlEIiD 
information and the DATA FIELD of the record that 
is to be written. The KEY FIELD is, of course, 
optional. In response to the transmission of the 

25 CKD TRANSFER message of Figure 22, the remote DSC 
returns an ACKNOWLEDOSEHT message of the type shown 
in Figure 20. At this time, the opcode for the 
message is ACKNOWLEDGE to indicate that the CKD 
TRANSFER message of Figure 22 was received by DSC 

30 107, 



EXTENDED MDLTIPI^ COPY SERVICE 

A system embodying the principles of the 
present invention can also be used as shown in 
Figure 12 to provide extended multiple copy service 
35 where the number of copies to be provided is 
limited only by the number of separate DASD 
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siabsy stems utilized. Figure 12 discloses a 
plurality of DSCs 105, 107 an€L 127 interconnected 
by direct data links 106, 126 and 136* Paths 104, 
124 and 134 connect the DSCs with a host computer 
individual to each DSC. Paths 108, 110 and 120 
connect each DSC with a disk controller and disk 
drives such as disk controller 112 and disk drives 

109 for DSC 105. 

Xn accordance with the invention, DSC 105 may 
receive a command sequence of the type already 
described on Figure 14 from its host processor 101 
instructing it to provide extended multiple copy 
service for subsequently received write operations 
directed to a xiser specified volume identified in 
the command sequence that establishes the extended 
multiple copy service. Let it be assumed that a 
user at host 101 identifies volume 3 of local disk 
drives 109, remote volume 1 at remote disk drives 
111 of DSC 107 and remote volume 2 of disk drives 
121 serving DSC 127. DSC 105 receives this commcmd 
sequence and prepares itself for the subsequent 
provision of extended multiple copy service in a 
manner analogous to that already described for the 
system operations associated with extended dual 
copy service. 

Subsequently, let it be assumed that write 
comm€mds are received identifying local volume 3 on 
a disk drive 109. In this case, DSC 105 responds 
to the receipt of each such write command 
identifying local volume 3 and transmits the 
received recoard together with acconrpanying control 
messages over direct data link 106 to DSC 107 which 
operates as priorly described for extended dual 
copy service. DSC 107 additionally transmits the 
received record and accompaoiying control messages 
over direct data link 126 to DSC 127 \rtiich operates 
in a manner similar to of DSC 107. DSC may further 
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transmit the received record and associated control 
messages over data link 136 to DSC 105 which uses 
the receiv d information as a check on the correct 
operation f DSCs 107 and 127, The individual DSCs 
105, 107 and 127 may then operate in a manner 
similar to that priorly described to record the 
received data record on the disk drives associated 
with each such DSC« 

The channel program used to establish extended 
multiple copy service is similar to that described 
for extended dual copy service • In this case, the 
request packet of Figure 17 identifies the local 
volume in its field 2 cuid identifies the remote 
volumes for the various remote DSCs in its fields 
3a, through 3i, through 3n where n equals the total 
number of DSCs. With respect to Figure 18, the 
ESTABLISH message cont£d.n8 EXTENDED MULTIPLE COPY 
in its field 2 and in line 2 of Figure 18 contains 
fields 4a, through 4i, through 4n with each such 
field identifying the volume in &ach DSC that is to 
be used to provide multiple copy service. With 
respect to Figure 12 and line 2 of Figure 18, field 
4a identifies volume 1 of DSC 107, field 4i 
identifies volume 2 of DSC 127 and field 4n 
identifies volume 3 of DSC 105. DSC 107 receives 
the described messages for extended dual copy 
service and operates to cause each received record 
to be written on its volume 1. DSC 107 also 
extends the received messages over data link 126 to 
DSC 127 which operates in a similar manner to cause 
a copy of the received record to be written by 
volume or disk drive 2 to which DSC 127 is 
connected. DSC 127 further extends the messages it 
receives over data link 136 back to DSC 105. The 
DSC 105 receives the messages over data link 136 
and verifies that the system has performed as 
expected. 
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The sys-tem may also be operat:ed so that, copies 
of a record may need not be written by a drive of 
one or more DSCs in a system having n DSCs and n 
groups of disk drives. This is accomplished by 
5 inserting a phantom or fictitious volume ID in the 
RV-f ield of the Request Packet of Figure 17 for the 
DSC whose disk drives are not to write the received 
record and to insert the same phantom volume ID in 
the RV-field of the message of Figure 18 for this 
10 DSC ^ose disk drives are not to write the received 
record. 



Description of Figure 13 

Figure 13 discloses further details of a DSC, 
such as DSC 105 of Figure 12, equipped for the 

15 provision of extended multiple copy service for the 
generation of more than two copies for each write 
request received by a DSC, such as DSC 105, for a 
priorly specified local volume at DSC 105. 

The details of the DSC 105 of Figure 13 is 

20 generally similar to the DSC 105 equipped for 
extended dual copy service &nd shown in detail on 
Figures 6 through 8. This being the case, Figiire 
13 discloses only the details of DSC 105 that 
differ from the disclosure of Figures 6 through 8. 

25 As is the case on Figures 6 through 8, DSC 105 

on Figure 11 is equipped with a pair of IDI 
elements 614-*0 and 614 which extend over direct 
data link paths 106-0 and 106**1 to the next DSC 
such as, for example, DSC 107 as shown on Figure 

30 12. The connections to these two IDI elements are 
identical to that shown on Figures 6 through 8. In 
addition, DSC 105 of Figure 11 contains a pair of 
IDI elements 614-2 and 614-3 which are connected 
over paths 136-0 and 136-1 of data link 136 to a 
35 preceding DSC such as, for example, DSC 127 as 
shown on Figure 12. IDI elements 614-2 ana 614-3 
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are connected to the same RC conductors 612*0, 612- 
1, 612-2 and 612-3 as are IDI elements 614-0 and 
614--1. In addition, IDI elements 614-2 and 614-3 
are connect d over data paths 616-2 and 616-3 to 
cache memory 512. These two additional IDI 
elements commxinicate with cache 512 in the same 
manner as do IDI elements 614-0 and 614-1 over data 
paths 616-0 and 616-1. 

DSC 105 responds to commands similar to those 
priorly described to prepare itself for the 
provision of extended multiple copy service to a 
user-specified local volume 109 associated with DSC 
105. Subsequently, when write requests are 
received that are directed to this specified local 
volwe, DSC 105 and cache memory 512 transmit the 
appropriate messages and commands via an IDI 
element 614 to the next DSC, such as DSC 107, over 
data links l06->0 and 106-1. This record and the 
associated commands are received by DSC 107 by its 
IDI elements corresponding to IDI elements 614-2 
and 614-3 of Figure 13. The received record data 
and command signals are applied to the cache m^ory 
of DSC 107 cuid to its microprocessor smd memory 
corresponding to microprocessor 608 and memory 612 
of DSC 105. These elements together jointly cause 
the received data record to be written on a priorly 
specified remote volume 111 of DSC 107. 

DSC 107 also operates to extend the received 
record and associated commands via its IDI elements 
corresponding to elements 614-0 and 614-1 of Figure 
11 and over a data link such as data link 126 on 
Figure 12 to DSC 127. DSC 127 receives these 
commands and data record on its IDI elements 

corresponding to elements 614-2 and 614-3 of Figure 
13. The cache memory, the microprocessor and the 
memory of DSC 127 then together cooperatively cause 
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the received record to be recorded on a priorly 
specified volume of a disk drive 121. 

DSC 127 then extends the received control 
messages out over data link 136 and back to DSC 105 
5 where the received information is received by IDI 
elements 614-2 and 614-3 over data link 136. The 
received control messages are applied via the RC 
leads and via the ICA elements 607 of Figure 7 to 
microprocessor 608 and memory 612. The 
10 microprocessor and the memory process the received 
infoirmation as a verification of the correct 
operation of the other DSCs in the system of Figure 
12. 

EXTENDED CONNECTIVITY SERVICE 

15 The following describes the manner in which 

the system of the invention operates to transmit 
messages between DSC 105 and DSC 107 when EXTENDED 
CONNECTIVITY service is to be provided by the 
system of Figure 4 for users of host processors 101 

20 and 121. In this configuration some but not all of 
the records generated by users at each host 
processor are to be shared and written on only a 
specified disk drive 111 of DSC 107 so that users 
at these two host processors can jointly have 

25 access to the records written by both sets of users 
on the specified disk drive 111. It should be 
understood that a disk drive 109 associated with 
DSC 105 does not write these jointly shared records 
for the EXTENDED CONNECTIVITY service of Figure 4. 

30 The process begins when a channel program 

similar to that shown on Figures 14 through 17 is 
received by DSC 105 to establish EXTENDED 
CONNECTIVITY service. The commEmd sequence is of 
the type shown on Figure 14 • However, the REQUEST 

35 PACKET of Figure 17 contains different data in 
certain fields to condition DSC 105 to provide the 
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EXTENDED CONNECTIVITy service for subsequently 
received write requests directed to a specified 
volume of DSC 105. Specifically, field 0 of Figure 
17 contains HECG 6. Since a volume of DSC 105 is 
5 not to be written with a record accompanying such 
a subsequently received write request, the local 
volume identification in Figure 17 field 2 
Identifies a phantom volume of DSC 105 having no 
physical correspondence in disk drives 109. Field 

10 3 of Figure 17 identifies the volume ill of DSC 107 
that is to be written when the user at a host 
processor 101 generates such a subsequently 
received write request. In other words, DSC 105 is 
conditioned by the receipt of the command sequence 

15 shown in Figures 14 through 17 to write a record 
accompanying each subsequently received write 
request directed to the phantom voliime of DSC 105 
to the specified remote volume 111 of DSC 107. 

DSC 105 receives each such subsequently 

20 received write request from a user at host 
processor 10 1 and transmits the message sequence 
about to be described over data link 106 to DSC 
107 « Since the subsequently received write request 
identifies the phwtcna volume of DSC 105, no disk 

25 drive 109 writes the received record. The message 
of Figure 18 is first sent over the data link as 
prlorly described. The only difference is that 
field 2 of Figure 18 now specifies EXTENDED 
CONNECTIVITY service rather than EXTENDED MULTIPLE 

30 COPY or EXTENDED DUAL COPY SERVICE. DSCs .105 and 

107 exchange the REQUEST OKNERSHIP and GRANT 
OWNERSHIP messages of Figure 19 in order to ensure 
that the extended copy group lock xs cmed by the 
DSC that is processing the ctirrent channel progrcun. 

35 The REFUSAL message of Figure 20 is transmitted in 
the event that the DSC that is to give up ownership 
of the extended copy group lock cannot release 
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ownership iim&ediately. The PERFOSH DEBEVA6E 
message of Figure 21 is then transaitted by DSC 105 
to DSC 107. DSC 107 responds with the READY TO 
RECEIVE DATA message of Figure 21. The CKD 
transfer message of Figure 22 is then transmitted 
over data link 106 to DSC 107 » This message 
contains the record information that is to be 
written by the specified volume ill that has been 
priorly identified and selected for use for this 
jointly shared data. DSC 107 receives the message 
of Figure 22 and responds with the acknowledgment 
message of Figure 20 which is returned over the 
data link 106 to DSC 105. Once a record or records 
generated by users of host processor 101 are 
written to the specified volume 111 of DSC 107, the 
contents of this volume may be jointly shared and 
read in the conventional manner by users at host 
processor 121 in the same maimer as these users can 
read any of the volumes 111 connected to DSC 107. 
The users at host processor 101 can read the 
jointly shared volxime 111 by transmitting a 
standard read command sequence directed to the 
priorly specified phantom volume of DSC 105. DSC 
105 receives this command sequence and transmits 
the READ FROM BEVY REQUEST message of Figure 21 
over the data link 106 to DSC 107 to cause DSC 107 
to read the requested record and transmit it back 
over the data link 106 to DSC 105. DSC 105 then 
applies the received record to the users of host 
processor 101 in the conventional manner. 

EXCHANGE OF SYSTEM COMMAMDS & MESSAGES 

The sequence of system actions associated with 
the establishment of extended dual copy service 
followed by the writing of a data record to a 
volume specified for extended dual copy service is 
shown on Figures 23-25* The process begins in 
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element 1 and proceeds to element 2 in vhicli the 
host transmits a DEFINE EXTENT command of Figure 14 
line 2 over the channel to DSC 105. In element 3 
the host transmits the DEFINE EXTENT Parameter List 
5 of Figure 15 to DSC 105. In element 4 the host 
transmits a LOCATE RECORD command of Figure 14 line 
3 to DSC 105. In element 5 the host transmits the 
LOCATE RECORD Parameter List of Figure 16 to DSC 

105. In element 6 the host transmits the WRITE 
10 DATA command of Figure 14 line 4 and in element 7 

the host transmits the REQUEST PACKET of Figure 17 
to DSC 105. In element 8 the host transmits the 
READ COUNT KEY DATA command of Figure 14 line 5 
over the channel interface path to DSC 105. In 
15 element 9 the ESTABLISH message of Figure 18 is 
transmitted from DSC 105 to DSC 107 over data link 

106, In element 10 the ACKNOWLEDGMENT message of 
Figure 20 is trsmsmitted over data link 106 from 
DSC 107 to DSC 105. In element 12 DSC 105 

20 transmits a RESPONSE PACKET of Figure 14 line 9 to 
the host as an acknowledgment that the preceding 
cosmemAs, parameter lists, and information have 
been received. 

At this time, both DSC 105 and DSC 107 are 

25 conditioned to provide extended dual copy service 
for subsequent write requests from the host 
directed to volume 3 of DSC 105. IQien such 
requests are received, as subsequently described, 
copies of the record accompanying each such 

30 received write request will be made by both volume 
3 of DSC 105 and volume 1 of DSC 107. 

Subsequently, the host transmits the channel 
program command sequence required to write a record 
using the already esteJ^lished extended dual copy 

35 service. Specifically, in element 14 the host 
transmits the standeurd DEFINE EXTENT command of 
Figure 14 line 2. In element 15 the host transmits 



the standaxxl DEFINE EXTENT Parameter List of Figure 
14, line 6« In elements 16 and 18 the host 
transmits the LOCATE RECORD command of Figure 14 
line 3 followed by the standard LOCATE RECORD 
5 Parameter List of Figure 14 line 7« In element 19 
the host transmits the fIRITE DATA command of Figure 
14 line 4 followed by element 20 which transmits 
the DATA BLOCK to be written of Figure 14 line 8. r 
In element 21, DSC 105 transmits the REQUEST 
10 OWNERSHIP message of Figure 19 over data link 106 
to DSC 107. In element 22, DSC 107 acknowledges 
the receipt of the REQUEST OWNERSHIP message and if 
it is able to pass the lock or token back to DSC 

105 at this time it does this by transmitting the 
15 GRANT 0I9NERSHZP message of Figure 19 over data link 

106 back to DSC 105« Next, in element 24, DSC 105 
transmits the PERFORM DEBEVA6E message of Figure 21 
over data link 106 to DSC 107 • Next, in element 
25, DSC 107 responds by transmitting the READY TO 

20 RECEIVE DATA message of Figure 21 back over data 
link 106 to DSC 105. At this time, DSC 105 knows 
that DSC 107 is ready to receive data. 
Accordingly, in element 26, DSC 105 transmits the 
CKD TRANSFER message of Figure 22 over data link 

25 106 to DSC 107. This message contains the record 
data that is to be written by volume l of DSC 107. 

At this time the record data received with the 
write recpiest remains within the cache memory of 
each of DSCs 105 and 107 and has not as yet been 

30 written by volume 3 of DSC 105 or volume 1 of DSC 
107. Next, in element 27A, DSC 105 causes the 
received record data to be written by its volume 3 
and concurrently therewith in element 27B, DSC 107 ' 
causes the received record data to be written by 

35 its volume 1. In element 28, DSC 107 acknowledges - 
the receipt of the CKD transfer message by 
transmitting an ACKNOWLEDGMENT message of Figure 20 
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over data link 106 back to DSC 105. In element 29, 
DSC 105 returns a COMMAND COMPLETE signal over the 
channel interface path back to the host indicating 
that the requested extended dual copy write service 
5 has been successfully furnished since the data 
record received with the write coi&mand has been 
written by both volume 3 of DSC 105 and volume 1 of 

DSC 107. 

The above sequence of commands describes 

10 extended dual copy service insofar as concerns the 
time at which the command complete signal is 
returned to the host processor* For extended fast 
dual copy service, the process is identical to that 
above-described except that the COHMAND COMPLETE 

15 signal is sent back to the host ^en the received 
record information is received and acknowledged by 
the remote DSC 107. Local DSC 105 and remote DSC 
107 cause the received record information to be 
written on local volume 3 and remote volxme 1 

20 subsequent to the time the command complete signal 
is returned to the host. 

While preferred embodiments of the present 
invention have been shown, it is to be expressly 
understood that modifications and changes may be 

25 made thereto and that the present invention is set 
forth in the following claims. 
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Claims 



1 1. In a data storage system adapted to be 

2 connected to a host computer, said system 

3 comprising: 

4 a first and a second data storage control, 

5 a first recording means connected to said 

6 first data storage control and a second recording 

7 means connected to said second data storage 

8 control , 

9 a data link interconnecting said data storage 

10 controls, 

11 means in said first data storage control for 

12 receiving a data record from said host, 

13 means in said first data storage control 

14 responsive to the receipt of said record for 

15 effecting the writing of said record by said first 

16 recording meetns, 

17 means in said first data storage control 

18 fxirther responsive to the receipt of said record 

19 for transmitting said recoxxl over said data link to 

20 said second data storage control, and 

21 means in said second data storage control 

22 responsive to the receipt of said record over said 

23 data link for effecting the writing of said record 

24 by said second recording means « 

1 2. The system of claim l wherein said data link 

2 comprises a direct connection between said data 

3 storage controls that is devoid of switching means, 

1 3. The system of claim 1 in combination with: 

2 a third data storage control connected to a 

3 third recording means, 

4 a second data link connecting said second data 

5 storage control with said third recording means. 
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6 means said second data storage control 

7 responsive to the receipt of said record for 

8 transmitting said record over said second data link 

9 to said third data storage control, and 

10 means in said third data storage control 

11 responsive to the receipt of said record over said 

12 second data link for effecting the writing of said 

13 record by said third recording means. 

1 4. The system of claim 1 wherein each of said 

2 data storage controls contains a cache memory, 

3 means in each data storage control responsive 

4 to the receipt of said record by said each data 

5 storage control for entering said received record 

6 into the cache memory of said each data storage 

7 control , 

8 meeois for returning a command complete signal 

9 to said host from said first data storage control 

10 when said record is entered into said cache memory 

11 of each data storage control, and 

12 wherein said means for effecting the writing 

13 of said record comprises means for applying said 

14 record in each cache memory to the recording means 

15 connected to the data storage control containing 

16 said each cache memory to control the writing of 

17 said record by said recording means of each data 

18 storage control. 



1 5. The system of claim 1 wherein a command 

2 complete signal is returned by said first data 

3 storage control to said host after said record is 

4 written by the recording means of each data storage 

5 control . 

1 6. The system of claim 1 wherein said means in 

2 said first data storage control for receiving said 

3 record comprises a first path extending from said 



68 

4 host to said first data storage control for the 

5 reception of information including data records 

6 from said host; said system further comprising: 

7 a second path eactending from said host to said 

8 second data storage control for the transmission of 

9 information including data records from said host 

10 to said second data storage control, 

11 said second data storage control being 

12 responsive to the receipt of data records over said 

13 second path to effect the writing by said second 

14 recording means of said data records received over 

15 said second path. 

1 7* The system of claim 6 wherein said data link 

2 comprises a direct connection between said data 

3 storage controls that is devoid of switching meems. 

1 8« The system of claim 6 in coiobination with: 

2 means in second data storage control further 

3 responsive to said receipt of said data records 

4 received over said second path for tr€msmitting 

5 said data records over said data link to said first 

6 data storage control, and 

7 means in said first data storage control 

8 responsive to said receipt of said data records 

9 over said data link to effect the writing by said 

10 first recording me€uis of said records received by 

11 said first data storage control over said data 

12 link. 

1 9* The system of claim 8 wherein said data link 

2 comprises a direct connection between said data 

3 storage controls that is devoid of switching means. 



1 
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10. The system of claim 8 wherein each of said 
data storage controls contadLns a cache memory, 
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3 means in each data storage control responsive 

4 to the receipt of a data record over said path 

5 connected to said data storage control for entering 

6 said received record into the cache memory of said 

7 data storage control that received said data record 

8 over said path, 

9 means for returning a command complete to said 

10 host from the data storage control that received 

11 said record from said host when said record is 

12 entered into said cache memory of each data storage 

13 control, and 

14 herein said means for effecting the writing 

15 of said record cosiprises means for applying said 

16 record in each cacdie memory to the recording means 

17 connected to the data storage control containing 

18 said each cache memory to control the writing of 

19 said record by said recording mesms. 

1 11. The system of claim 9 wherein a command 

2 complete signal is returned by a data storage 

3 control that receives a record from said host after 

4 said record is written by each of said recording 

5 means • 

1 12. In a data storage system adapted to be 

2 connected to a host computer, said system 

3 comprising: 

4 a first and a second disk storage control, 

5 a first group of disk drives connected to said 

6 first disk storage control and a second group of 

7 disk drives connected to said second disk storage 

8 control , 

'9a data link interconnecting said disk storage 

10 controls, 

11 meems in said first disk storage control for 

12 receiving data record write requests from said 

13 host, 
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means in said first disk storage control 
responsive to the receipt of a data record write 
request and an accompanying data record for 
effecting the writing by said first group of disk 
drives of said received data record, 

means in said first disk storage control for 
receiving a command sequence from said host 
requesting that loultiple record copies be written 
for subsequently received record write request 
directed to a specified one of said disk drives of 
said first group, 

means in said first disk storage control 
responsive to the subsecpient receipt of a record 
write request and an accompsuiying data record 
directed to said specified one disk drive for 
transmitting said received record accompanying said 
write request over said data link to said second 
disk storage control, 

means in said first disk storage control 
further responsive to said subsequent receipt of 
said record write request for effecting the writing 
of said accompanying record by said specified one 
disk drive, and 

means in said second disk storage control 
responsive to the receipt of said record over said 
data link for effecting the writing of said record 
by a disk drive of said second group. 

13, The system of claim 12 \rtierein said data link 
comprises a direct coxmection between said disk 
storage controls that is devoid of switching means. 

14. The system of claim 12 in combination with: 

a third disk storage control connected to a 
third group of disk drives. 
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a second data link connecting said second disk 
storage control with said third disk storage 
control , 

means in said second disk storage control 
responsive to the receipt of said record for 
transmitting said record over said second data link 
to said third disk storage control, and 

means in said third disk storage control 
responsive to the receipt of said record over said 
second data link for effecting the writing of said 
record by a disk drive of said third group* 

15. The system of claim 12 wherein each of said 
disk storage controls contains a cache memory, 

means in each disk storage control responsive 
to the receipt of a record by said each disk 
storage control for entering said each received 
record into the cache memory of said each disk 

storage control, 

means for returning a coiamand complete signal 
to said host from said first disk storage control 
when a record received by each disk storage control 
is entered into said cache memory of said each disk 
storage control, and 

wherein said means for effecting the writing 
of said record comprises meeuis for applying said 
record in each cache memory to the disk drive 
connected to the disk storage control containing 
said each cache memory to control the writing of 
said record by said disk drive. 

16. The system of claim 12 wherein a command 
complete signal is returned to said host by said 
first disk storage control after said record is 
written by a disk drive of each of said groups. 
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1 17. The system of clain 12 wherein said laeems in 

2 said first disk storage control for receiving said 

3 record comprises a first path extending from said 

4 host to said first disk storage control for the 

5 reception of inf ormati n including data records 

6 from said host; said system further comprising: 

7 a second path extending from said host to said 

8 second disk storage control for the transmission of 

9 information including data records to said second 

10 disk storage control, 

11 means in said second disk storage control for 

12 receiving a data record write request over said 

13 second path from said host, 

14 means in said second disk storage control 

15 responsive to the receipt of each received data 

16 record write request and an accompanying data 

17 record for effecting the writing by said second 

18 group of disk drives of said accompanying data 

19 record, 

20 mesuis in said second disk storage control for 

21 receiving a command sequence from said host 

22 requesting that multiple record copies be written 

23 for subsequently received data record write request 

24 directed to a specified one of said disk drives of 

25 said second group, 

26 means in said second disk storage control 

27 responsive to the subsequent receipt of a data 

28 record write request and accompanying data record 

29 directed to said specified one disk drive of said 

30 second group for trsuismitting said received record 

31 over said data link to said first disk storage 

32 control, 

33 means in said second disk storage control 

34 further responsive to said stibsequent receipt of 

35 said record write request and accompanying data 

36 record for effecting the writing of said received 



wo 91/20034 PCr/US91/03848 

73 

37 record by said specified one disk drive of said 

38 second group, and 

39 means in said first disk storage control 

40 responsive to the receipt of said r cord over said 

41 data link for effecting the writing of said record 

42 by a disk drive of said first group. 

1 18. The system of claim 17 wherein each of said 

2 disk storage controls contains a cache memory, 

3 means in each disk storage control responsive 

4 to the receipt of a record by said each disk 

5 storage control for entering said received record 

6 into the cache memoxy of said each disk storage 

7 control, 

8 means for returning a command complete signal 

9 to said host from said disk storage control that 

10 receives a record from said host when said record 

11 is entered into said cache memory of each disk 

12 storage control, and 

13 wherein said means for effecting a writing of 

14 each record comprises means for applying a record 

15 in each cache memory to the disk drive connected to 

16 the disk storage control containing said each cache 

17 memory to control the writing of said record by 

18 said disk drive. 

1 19. In a data storage system adapted to be 

2 connected over channel interface paths to a first 

3 and a second host con^uter for the writing of 

4 multiple copies of records received by said system 

5 over any of said paths from either of said hosts, 

6 said system comprising: 

7 a first and a second disk storage control 

8 connected via separate ones of said channel 

9 interface paths to each of said hosts, 

10 a first group of disk drives connected to said 

11 first disk storage control and a second group of 
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disk drives connected to said second disk st rage 
control, 

a direct data link devoid of switching means 
interconnecting said disk storage controls, 

means in each of said disk storage controls 
for receiving a data record from either of said 
hosts over said paths, 

means in each disk storage control responsive 
to the receipt of a data record over one of said 
paths for effecting the writing of said record by 
a disk drive of the groiqp to which said each disk 
storage control receiving said record is connected, 

meaois in said each disk storage control 
responsive to the receipt of said record over one 
of said paths for transmitting said record over 
said data link to the other one of said disk 
storage controls, and 

means in said other disk storage control 
responsive to the receipt of said record over said 
data link for effecting the writing of said record 
by a disk drive of the group to which said other 
one disk storage control is connected. 

20. The system of claim 19 wherein each of said 
disk storage controls contains a cache memory, 

meains in each disk storage control responsive 
to the receipt of said record over an interface 
path for entering said received record into the 
cache memory of each of said disk storage controls, 

means for returning a command complete signal 
to said host from the disk storage control that 
receives a record over an interface path when said 
received record is entered into said cache memory 
of each of said disk storage controls, and 

wherein said means for effecting the writing 
of said received record comprises means for 
applying said record in each cache memory to the 
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15 disk drive connected to the disk storage control 

16 containing said each cache memory to control the 

17 writing f said record by said disk drive of each 

18 disk storage c ntrol. 

1 21 • The system of claim 19 wherein a command 

2 complete signal is returned by said first disk 

3 storage control to said host after said record is 

4 written by a drive in each of said groups of disk 

5 drives. 



1 22. In a data storage system adapted to be 

2 connected over channel interface paths to a first 

3 and a second host con^uter for the writing of 

4 multiple copies of records received by said system 

5 over any of said paths from either of said hosts, 

6 said system comprising: 

7 a plurality of n disk storage controls 

8 connected via separate ones of said channel 

9 interface paths to each of said hosts, 

10 n groups of disk drives each group of ^ich is 

11 individual to and connected to a different one of 

12 said disk storage con*trols, 

13 a plurality of direct data links devoid of 

14 switching means interconnecting said disk storage 

15 controls wherein each link interconnects a unique 

16 pair of said disk storage controls and wherein each 

17 of said disk storage controls is connected by one 

18 of said links to another one of said disk storage 

19 controls, 

20 means in each of said disk storage controls 

21 for receiving a data record over one of said paths 

22 from either of said hosts, 

23 means in each disk storage control responsive 

24 to the receipt of a data record over one of said 

25 paths for effecting the writing of said record by 
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a disk drive of the group to which said each disk 
storage control receiving said record is connected, 

means in said each disk storage control 
responsive to the receipt of said record over one 
of said paths for transmitting said record over the 
one of said data links connected to said each disk 
st^orage control to the other one of said disk 
storage controls that is connected to said last 
ncuned data link, 

means in said other disk storage control 
responsive to the receipt of said record over said 
data link for effecting the writing of said record 
received over said data link by a disk drive of the 
group to ^ich said other one disk storage control 
is connected, and 

means in said other disk storage control for 
extending said received record over another one of 
said data links to which said other disk storage 
control is coimected to another one of said disk 
storage controls for the writing of said record by 
a disk drive of the group to which said last named 
disk storage control is connected. 

23. In a data storage system adapted to be 
connected over channel Interface paths to a first 
and a second host computer for the writing of 
multiple copies of records received by said system 
over any of said paths from either of said hosts, 
said system comprising: 

a plurality of n disk storage controls 
connected via separate ones of said channel 
interface paths to each of said hosts, 

n groups of disk drives each group of which is 
individual to and connected to a different one of 
said disk storage controls, 

a plurality of direct data links devoid of 
switching means interconnecting said disk storage 
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15 controls wherein each data link interconnects a 

16 unique pair of said disk storage controls and 

17 wherein each of said disk storage controls is 

18 connected over one of said links to another one of 

19 said disk storage controls, 

20 means in each disk storage control for 

21 receiving channel program command sequences from 

22 one of said hosts over one of said interface paths 

23 with each sequence requesting the control of 

24 functions by said each disk storage control, 

25 means in said each disk storage control 

26 responsive to the receipt of each program command 

27 sequence comprising a record write request and an 

28 accoxqdemying record for effecting the writing of a 

29 said accompanying record by a disk drive of the 

30 group connected to said each disk storage control, 

31 means in said each disk storage control for 

32 receiving a command sequence over an interface path 

33 from said host recjuesting multiple copy service for 

34 a subsequently received write request and 

35 accompanying record directed to a specified one of 

36 said disk drives of said group connected to said 

37 each disk storage control, wherein said last named 

38 command sequence also specifies a disk drive in 

39 each of said n groups that is to be used to write 

40 multiple copies of a received record for a 

41 subsequently received write recpiest directed to 

42 said specified one drive of said group connected to 

43 said each disk storage control, 

44 means in said eacdi disk storage control 

45 responsive to the subsequent receipt of a command 

46 sequence comprising a record write request and an 

47 accompemying record directed to said specified one 

48 drive of said group connected to said each disk 

49 storage control for transmitting said accompanying 

50 record over a data link to a disk storage control 



51 connected by said link to said each disk storage 

52 control , 

53 means in said each disk storage control 

54 fxirther responsive to the receipt of said 

55 subsequently received record write request and said 

56 accompanying record directed to said specified one 

57 disk drive of said group connected to said each 

58 disk storage control for effecting the writing of 

59 said received record by said specified one disk 

60 drive of said group connected to said each disk 

61 storage control, 

62 mesms in said disk storage control connected 

63 by said link to said each disk storage control 

64 responsive to the receipt of said record over said 

65 data link for effecting the writing of said record 

66 by said specified disk drive to which said last 

67 named disk storage control is connected, and 

68 means in said disk storage control connected 

69 by said link to said each disk storage control 

70 responsive to the receipt of said record over said 

71 data link for extending said received record over 

72 suiother one of said data links to emother one of 

73 said disk storage controls for both controlling the 

74 writing of said record on a specified disk drive 

75 connected to said other disk storage control and 

76 for further extending said record over a data link 

77 to another disk storage control so that each other 

78 of said disk storage controls receives said record 

79 over a data link and controls the writing of said 

80 record on a disk drive connected to said each other 

81 disk storage control. 

1 24. In a data storage system adapted to be 

2 connected to a host computer, said system 

3 comprising: 

4 a plurality of n disk storage controls. 



WU yi/ZUU34 



79 



5 n disk drives each of which is connec1:ed to a 

6 differeni; one of said disk storage controls, 

7 a plurality of data links each of which 

8 interconnects a different pair of said disk storage 

9 controls , 

10 mecms in a first one of said disk storage 

11 controls for receiving a data record from said 

12 host, 

13 means in said first disk storage control 

14 responsive to the receipt of said record for 

15 effecting the writing of said record by a first 

16 disk drive connected to said first disk storage 

17 control , 

18 means in said first disk storage control 

19 responsive to the receipt of said record for 

20 transmitting said record over a data link 

21 interconnecting said first disk storage control and 

22 a second disk storage control, 

23 means in said second disk storage control 

24 responsive to the receipt of said record over said 

25 data link for effecting the writing of said record 

26 by a second disk drive connected to said second 

27 disk storage control, and 

28 means in said second disk storage control 

29 further responsive to said receipt of said record 

30 for extending said record over a data link to 

31 another one of said disk storage controls so that 

32 each other one of said disk storage controls 

33 receives said record and controls the writing of 

34 said record by a disk drive connected to each other 

35 one of said disk storage controls • 

1 25. In a data storage system adapted to be 

2 connected to a host computer, said system 

3 comprising: 

4 a first and a second disk storage control. 
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5 a first group of disk drives connec1;ed to said 

6 first: disk storage control and a second group of 

7 disk drives connected to said second disk storage 

8 control, 

9 a data link interconnecting said first disk 

10 storage control and said second disk storage 

11 control, said data link comprising a direct path 

12 devoid of a switching node, 

13 a channel interface path interconnecting said 

14 host and said first disk storage control, 

15 loeans in said first disk storage control for 

16 receiving channel program command sequences over 

17 said interface path requesting the control of 

18 functions by said first disk storage control 

19 including the writing of data records by said first 

20 group of disk drives, 

21 means in said first disk storage control 

22 responsive to the receipt of each program command 

23 sequence conprising a record write request and an 

24 accompanying record for effecting the writing of a 

25 said accompeoiying record by a disk drive of said 

26 first group as specified by said received write 

27 request, 

28 means in said first disk storage control for 

29 receiving a command sequence from said host 

30 requesting multiple copy sexrvice for a siibsequently 

31 received write request directed to a specified one 

32 of said disk drives of said first group, wherein 

33 said last named command secpience specifies a disk 

34 drive of each of said first and second groiq>s that 

35 is to be used to write said multiple copies of an 

36 accompeuiying record for each subsequently received 

37 write request directed to said specified one drive 
' 38 of said first group, 

39 means in said first disk storage control 

40 responsive to the subsequent receipt of a command 

41 sequence comprising a record write request and an 
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42 accompanying record directed to said specified one 

43 drive of said first group for transmitting said 

44 accompanying record over said data link to said 

45 second disk storage control, 

46 means in said first disk storage control 

47 further responsive to the receipt of said 

48 subsequently received record write request and an 

49 accompanying record directed to said specified one 

50 disk drive of said first group for effecting the 

51 writing of said received record by said specified 

52 one disk drive of said first group, and 

53 means in said second disk storage control 

54 responsive to the receipt of said record over said 

55 data link for effecting the writing of said record 

56 by said specified disk drive of said second group. 

1 26. The system of claim 25 wherein said channel 

2 program command sequence comprises: 

3 commands arrsmged according to a predetermined 

4 channel program command format with at least some 

5 of said commands having a parameter list associated 

6 therewith and at least one of said commands having 

7 an information block associated therewith, 

8 said parameter lists and said information 

9 block being adapted to contain data arranged into 

10 either a first or a second data format, 

11 said parameter list and said information block 

12 data being in a first format when a received 

13 channel program commamd sequence comprises a 

14 request for the sxibsecpient provision of multiple 

15 copy service for records subsecpiently written to 

16 said specified one disk drive of said first group, 

17 said parameter list being in a second format 

18 when a received command sequence comprises a record 

19 write request. 



27. The system of claim 26 wherein said system 
further comprises; 

a third disk storage control connected to a 
third group of disk drives and wherein said command 
sequence requesting multiple copy service further 
specifies a drive of said third group i said system 
further comprising; 

a second data link connecting said second disk 
storage control with said third disk storage 
control, 

means in said second disk storage control 
responsive to the receipt of said record over said 
data link from said first disk storage control for 
transmitting said record over said second data link 
to said third disk storage control, and 

means in said third disk storage control 
responsive to the receipt of said record for 
effecting the writing of said record by said 
specified disk drive of said third group. 

28. The system of claim 26 wherein said system 
further comprises: 

a cache memory in each of said disk storage 
controls , 

means in each disk storage control responsive 
to the receipt of a record hy said each disk 
storage control for entering said received record 
into the cache memory of said each disk storage 
control , 

means for returning a command complete signal 
said to said host from said first disk storage 
control when each record received by a disk storage 
control is entered into said cache memory of said 
each disk storage control, and 

wherein said meams for effecting the writing 
of each of said records comprises means for 
applying each record in a cache memory to the disk 
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18 drive connected to the disk storage control 

19 containing said each cache memory. 

1 29* The system of claim 26 wherein a command 

2 complete signal is returned by said first disk 

3 storage control to said host after said record is 

4 written by each of said disk drives. 

1 30* The system of claim 26 wherein said system 

2 ftirther comprises: 

3 a second channel interface path extending from 

4 said host to said second disk storage control for 

5 the transmission of channel program command 

6 sequences to said second disk storage control, 

7 meeuis in said second disk storage control for 

8 receiving channel program command sequences over 

9 said interface path requesting the control of 

10 functions by said second disk storage control 

11 including the writing of data records by said 

12 second group of disk drives, 

13 means in said second disk storage control 

14 responsive to the receipt of each program command 

15 sequence cosqprising a record write request for 

16 effecting the writing of a record accompanying said 

17 request by a disk drive of said second group as 

18 specified by said received write request, 

19 means in said second disk storage control for 

20 receiving a command sequence from said host 

21 requesting multiple copy service for subsequently 

22 received record write requests directed to a 

23 specified one of said disk drives of said second 

24 group ^ wherein said last named command sequence 

25 specifies a disk drive of each of said first and 
* 26 second groups that is to be used to write said 

27 multiple copies of records for subsequently 

28 received write requests to said specified one disk 

29 drive of said second group, 
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30 means in said second disk storage cont:rol 

31 responsive 1:o the subsequent receipt of a command 

32 sequence comprising a recozrd write request directed 

33 to said specified one disk drive of said second 

34 group for trsmsmitting said record over said data 

35 link to said first disk storage control, 

36 means in said second disk storage control 

37 further responsive to the receipt of said 

38 subsequently received record write request to said 

39 specified one disk drive of said second gxx>up for 

40 effecting the writing of said record by said 

41 specified one disk drive of said second group, and 

42 means in said first disk storage control 

43 responsive to the receipt of said record over said 

44 data link from said second disk storage control for 

45 effecting the writing of said record by said 

46 specified disk drive of said first group. 

1 31* In a data storage system adapted to be 

2 connected over first and second channel interface 

3 paths, respectively, to a first and a second host 

4 computer, respectively, for the writing of 

5 duplicate copies of record received by said system 

6 over smy of said paths from either of said hosts, 

7 said system comprising: 

8 a first and a second disk storage control 

9 connected via separate ones of said channel 

10 interface paths to each of said hosts, 

11 a first group of disk drives connected to said 

12 first disk storage control and a second group of 

13 disk drives connected to said second disk storage 

14 control, 

15 a direct data link interconnecting said disk 

16 storage controls, 

17 means in each one of said disk storage 

18 controls for receiving data record write requests 

19 from either of said hosts over said paths. 
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20. means in each disk storage control responsive 

21 to the receipt of each data record write request 

22 over one of said paths for effecting the writing of 

23 a data record accoxapanying said request by a disK 

24 drive to which said each disk storage control is 

25 connected, 

26 meems in each of said disk storage controls 

27 for receiving a request from said host for the 

28 provision of multiple copy service upon the 

29 subsequent receipt of a record write request 

30 directed to a specified one drive of said group 

31 connected to said eacdi disk storage control, 

32 means in each of said disk storage controls 

33 responsive to the subsequent receipt of a write 

34 request directed to said specified one drive for 

35 controlling the writing of a data record 

36 accompanying said request by the specified one 

37 drive connected to said each disk storage control 

38 and for transmitting said record over said data 

39 link to the other one of said disk storage 
4 0 controls , and 

41 means in said other disk storage control 

42 responsive to the receipt of said record over said 

43 data link for effecting the writing of said record 

44 by a specified one of said disk drive to which said 

45 other one disk storage control is connected. , 

1 32* A method of operating a data storage system 

2 adapted to be connected to a host computer, said 

3 method comprising the steps of: 

4 operating a first data storage control for 

5 receiving a data record from said host computer, 

6 operating said first data storage control in 

7 response to the receipt of said record for 

8 effecting the writing of said record by a first 

9 recording means connected to said first data 
10 storage control. 
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further operating said first data storage 
control in response to the receipt of said record 
for transmitting said record over a data link to a 
second data storage control, and 

operating said second data storage control in 
response to the receipt of said record over said 
data link for effecting the writing of said record 
by a second recording meems connected to said 
second data storage control. 

33. The method of claim 32 vherein said data link 
comprises a direct connection between said data 
storage controls that is devoid of switching means. 

34. The method of claim 32 in coinbination with the 
additional steps of: 

operating said second data storage control in 
response to the receipt of said record over said 
data link for transmitting said record over a 
second data link to a third data storage control, 
and 

operating said third data storage control in 
response to the receipt of said record over said 
second data link for effecting the writing of said 
record by a third recording means connected to said 
third data storage control. 

35. The method of claim 32 wherein said method 
further includes the steps of: 

operating each data storage control in 
response to the receipt of said record by said each 
data storage control for entering said received 
record into a cache memory of said each data 
storage control, 

returning a command complete signal to said 
host from said first data storage control when said 
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10 record is entered into said cache memory of said 

11 each data storage control, and 

12 wherein said step of effecting the writing of 

13 said record comprises the step of applying said 

14 record in ach cache memory to the recording means 

15 connected to the data storage control containing 

16 said each cache memory to control the writing of 

17 said record by said recording means of said each 

18 data storage control. 

1 36. The method of claim 32 wherein a command 

2 conqolete ^signal is returned by said first data 

3 storage control to said host after said record is 

4 written by each of said recording mesms. 

1 27. The method of claim 32 wherein said first Data 

2 storage control receives said record over a first 

3 path extending from said host to said first data 

4 storage control; said method further comprises the 

5 steps of: 

6 transmitting information including data 

7 records from said host to said second data storage 

8 control over a second path extending from said host 

9 to said second data storage control, and 

10 operating said second data storage control in 

11 response to the receipt of data records over said 

12 second path to effect the writing by said second 

13 recording means of said data records received over 

14 said second path. 

1 38. The method of claim 37 wherein said data link 

2 comprises a direct connection between said data 

3 storage controls that is devoid of switching means. 
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1 39. The method of claim 37 in combina-tion with the 

2 steps of: 

3 further operating second data storage control 

4 in response to said receipt of said data records 

5 received over said second path for transmitting 

6 said data records over said data link to said first 

7 data storage control, and 

8 operating said first data storage control in 

9 response to said receipt of said data records over 

10 said data link to effect the writing by said first 

11 recording means of said records received by said 

12 first data storage control over said data link. 

1 40. The method of claim 39 wherein said data link 

2 comprises a direct connection between said data 

3 storage controls that is devoid of switching means. 

1 41. The method of claim 39 wherein said method 

2 further con^rises the steps of: 

3 operating each data storage control in 

4 response to the receipt over said path connected to 

5 said data storage control of a data record for 

6 entering said received record into a cache memory 

7 of said data storage control that received said 

8 data record over said path, 

9 returning a command complete to said host from 

10 the data storage control that received said record 

11 from said host when said record is entered into 

12 said cache memory of each data storage control, and 

13 wherein said step of effecting the writing of 

14 said record comprises the step of applying said 

15 record in each cache memory to the recording means 

16 connected to the data storage control containing < 

17 said each cache memory to control the writing of 

18 said record by said recording means. 
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1 42. The method of claim 39 wherein said method . 

2 further includes the step of: 

3 returning a command complete signal to said 

4 host from a disk storage control that receives a 

5 record from said host after said record is written 

6 by each of said disk drives. 

1 43. A method of operating a data storage system 

2 adapted to be connected to a host computer, said 

3 method comprising the steps of: 

4 operating a first disk storage control in 

5 response to the receipt from said host of a 

6 received data record write request and an 

7 accompanying data record for effecting the writing 

8 of said accompanying data record by a first group 

9 of disk drives connected to said first disk storage 

10 control , 

11 operating said first disk storage control for 

12 receiving a coimaand sequence from said host 

13 requesting that multiple record copies be written 

14 for subsequently received record inrite request 

15 directed to a specified one of said disk drives of 

16 said first group, 

17 operating said first disk storage control in 

18 response to the subsequent receipt of a record 

19 write request and an accoxqpanying data record 

20 directed to said specified one disk drive for 

21 transmitting said received record associated with 

22 said request over a data link to a second disk 

23 storage control, 

24 further operating said first disk storage 

25 control in response to said subsequent receipt of 

26 a record write request directed to said specified 

27 one disk drive of said first group for effecting 

28 the writing of said received record by said 

29 specified one disk drive, and 
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30 operat.ing said second disk storage control in 

31 response to the receipt of said record over said 

32 data link for effecting the writing of said record 

33 by a disk drive of a second group of drives 

34 connected to said second disk storage control. 



1 44. The method of claim 43 wherein said data link 

2 comprises a direct connection between said disk 

3 storage controls that is devoid of switching means. 

1 45* The method of claim 43 in combination with the 

2 steps of; 

3 operating said second disk storage control in 

4 response to the receipt of said record for 

5 transmitting said record over a second data link to 

6 a third disk storage control, and 

7 operating said third disk storage control in 

8 response to the receipt of said record for 

9 effecting the writing of said record by a disk 

10 drive of a third group of drives connected to said 

11 third disk storage control. 

1 46 • The method of claim 43 wherein said method 

2 further comprises the steps of: 

3 operating each disk storage control in 

4 response to the receipt of a record by said each 

5 disk storage control for entering said each 

6 received record into a cache memory of said each 

7 disk storage control, 

8 returning a command complete signal to said 

9 host from said first disk storage control when a 

10 record received by each disk storage control is 

11 entered into said cache memory of said each disk 

12 storage control, and 

13 wherein said step of effecting the writing of 

14 each of said records comprises the step of applying 

15 a record in each cache memory to the disk drive 
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16 connected to the disk storage control containing 

17 said each cache memory to control the writing of 

18 said record by said disk drive. 

1 47. The method of claim 43 in combination with the 

2 step of: 

3 returning a command complete signal to said 

4 host from a disk storage control that receives a 

5 record from said host after said record is written 

6 by each of said disk drives, 

1 48 • The method of claim 43 wherein said first disk 

2 storage control receives said record over a first 

3 path extending from said host to said first disk 

4 storage control for the reception of information 

5 including a data record from said host; said method 

6 further comprising the steps of: 

7 transmitting information including a data 

8 record to said second disk storage control over a 

9 second path extending from said host to said second 

10 disk storage control, 

11 operating said second disk storage control for 

12 receiving a data record write request from said 

13 host over said second path, 

14 operating said second disk storage control in 

15 response to the receipt of each received data 

16 record write reqpiest and an accompanying data 

17 record for effecting the writing of said data 

18 record by said second group of disk drives, 

19 operating said second disk storage control for 

20 receiving a command sequence from said host 

21 requesting that multiple record copies be written 

22 for subsequently received data record write 

23 requests directed to a specified one of said disk 

24 drives of said second group, 

25 operating said second disk storage control in 

26 response to the subsequent receipt of a data record 
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27 write request and accompanying data record directed 

28 to said specified one disk drive f said second 

29 group for transmitting said received record over 

30 said data link to said first disk storage control^ 

31 further operating said second disk storage 

32 control in response to said subsequent receipt of 

33 said record write request and accompanying data 

34 record for effecting the writing of said received 

35 record by said specified one disk drive of said 

36 second group, and 

37 operating said first disk storage control in 

38 response to the receipt of said record over said 

39 data link for effecting the writing of said record 

40 by a disk drive of said first group* 

1 49. The method of claim 48 wherein said method 

2 further comprises the steps of: 

3 operating each disk storage control in 

4 response to the receipt of a record by said each 

5 disk storage control for entering said received 

6 record into a cache memory of said each disk 

7 storage control, 

8 returning a command complete signal to said 

9 host from said disk storage control that receives 

10 a record from said host when said record is entered 

11 into said cache memory of said each disk storage 

12 control , and 

13 wherein said step of effecting a writing of 

14 each record comprises the step of applying a record 

15 in each cache memory to the disk drive connected to 

16 the disk storage control containing said each cache 

17 memory to control the writing of said record by 

18 said disk drive. 

1 50. A method of operating a data storage system 

2 adapted to be connected over channel interface 

3 paths to a first and a second host computer for the 
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4 writing of multiple copies of records received by 

5 said system over any of said paths from either of 

6 said hosts, said method comprising the steps of: 

7 operating a first and a second disk storage 

8 control for receiving a data record from either of 

9 said hosts over one of said interface paths, 

10 operating each disk storage control in 

* 11 response to the receipt of a data record over one 

12 of said paths for effecting the writing of said 

13 recoird by a disk drive of a group of drives to 

14 which only said each disk storage control receiving 

15 said record is connected, 

16 operating said eadti disk storage control in 

17 response to the receipt of said record over one of 

18 said paths for transmitting said record over a data 

19 link to the other one of said disk storage 

20 controls, and 

21 operating said other disk storage control in 

22 response to the receipt of said record over said 

23 data link for effecting the writing of said record 

24 by a disk drive of a group to which only said other 

25 one disk storage control is connected. 

1 51* The method of claim 50 wherein said method 

2 further comprises the steps of: 

3 operating each disk storage control in 

4 response to the receipt of said record over an 

5 interface path for entering said received record 

6 into a cache memory of each of said each disk 

7 storage control, 

8 returning a command complete signal to said 

9 host from the disk storage control that receives a 

10 record over a path when said received record is 

11 entered into said cache memory of each of said disk 

12 storage controls, and 

13 wherein said step of effecting the writing of 

14 said received record comprises the step of applying 
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15 said record dLn each cache memoxY to a disk drive of 

16 a group connected to the disk storage control 

17 containing said each cacdie memory to control the 

18 writing of said record by said disk drive of a 

19 group connected to said each disk storage control. 



1 52. The method of claim 50 wherein said method 

2 further comprises the step of: 

3 returning a command complete signal to said 

4 host from said first disk storage control after 

5 said record is written by a drive in each of said 

6 groups of disk drives* 

1 53. A method of operating a data storage system 

2 containing a plurality of disk storage controls and 

3 adapted to be connected over channel interface 

4 paths to a first and a second host computer for the 

5 writing of multiple copies of records received by 

6 said system over any of said paths from either of 

7 said hosts, said method comprising the steps of: 

8 operating each disk storage control in 

9 response to the receipt of a data record over one 

10 of said paths from either of said hosts for 

11 effecting the writing of said record by a disk 

12 drive of a group of drives to )rtiich only said each 

13 disk storage control receiving said record is 

14 connected, 

15 operating said each disk storage control in 

16 response to the receipt of said record over one of 

17 said paths for transmitting said record over a data 
IB link to another one of said disk storage controls, 

19 operating said other disk storage control in 

20 response to the receipt of said record over said 

21 data link for effecting the writing of said record 

22 by a disk drive of a group of drives to which only 

23 said other one disk storage control is connected, 

24 and 
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operaliing said other disk sto 


rage control for 


26 


extending said received record over another data 


27 


link to a third one of said disk 


storage controls 


28 


for the writing of said record by 


a disk drive of 


29 


a group of drives to which only 


said third disk 


30 


storage control is connected. 





1 54. A method of operating a data storage system 

2 adapted to be connected over channel interface 

3 paths to a first and a second host computer for the 

4 writing of multiple copies of records received by 

5 said system over any of said paths from either of 

6 said hosts, said method comprising the steps of: 

7 operating each of n disk storage controls for 

8 receiving from one of said hosts channel program 

9 command sequences over one of said interface paths 
10 requesting the control of functions by said each 
IX disk storage control including the writing of data 

12 records by a group of disk drives individual to and 

13 cozmected to said each disk storage control, 

14 operating said each disk storage control in 

15 response to the receipt of each progreua command 

16 sequence ccnaprising a record write request and an 

17 accompanying record for effecting the writing of 

18 said accompanying record by a specified disk drive 

19 of the group connected to said each disk storage 

20 control with said disk drive being specified by 

21 said received write request, 

22 operating said each disk storage control for 

23 receiving over an interface path a command sequence 

24 from said host requesting multiple copy service for 

25 a subsecpiently received write request and 

26 accompanying record directed to a specified one of 

27 said disk drives of said group of drives connected 

28 to said each disk storage control, wherein said 

29 last named commetnd sequence also specifies a disk 

30 drive in each of a group of n drives that is to be 
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31 used t:o write multiple copies of a received record 

32 for a subsequently received write request directed 

33 to said specified one drive of said group connected 

34 to said eacb disk storage control, 

35 operating said each disk storage control in 

36 response to the subsequent receipt of a command 

37 sequence comprising a record write request and an 

38 accompemying record directed to said specified one 

39 drive of said group connected to said ctach disk 

40 storage control for transmitting said accompanying 

41 record over a data link to another disk storage. 

42 control connected by said link to said each disk 

43 storage control, 

44 further operating said eacdi disk storage 

45 control in response to the receipt of said 

46 subsequently received record write request and said 

47 accompanying recoird directed to said specified one 

48 disk drive of said group connected to said each 

49 disk storage control for effecting the writing of 

50 said received record on said specified one disk 

51 drive of said group connected to said each disk 

52 storage control, 

53 operating the one pf said disk storage 

54 controls connected by said link to said each disk 

55 storage control in response to the receipt of said 

56 record over said data link for effecting the 

57 writing of said record by a specified disk drive of 

58 said group connected to said one disk storage 

59 control, and 

60 operating said one disk storage control 

61 connected by said link to said each disk storage 

62 control in response to the receipt of said record 

63 over said data link for extending said received 
' 64 record over another data link to a third one of 

65 said disk storage controls for both controlling the 

66 writing of said record on a specified disk drive 

67 connected to said third disk storage control and 
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68 for further ext nding said record over a data link 

69 to another disk storage control so that each 

70 remaining one f said disk storage controls 

71 receiving said record over a data link controls the 

72 writing of said record by a disk drive connected to 

73 said each remaining disk storage control* 

1 55 « A method of operating a data storage system 

2 adapted to be connected to a host computer, said 

3 method conq[>rising the steps of: 

4 operating a first one of n disk storage 

5 controls in response to the receipt of a record 

6 from said host for effecting the writing of said 

7 record by a first disk drive connected to said 

8 first disk storage control, 

9 operating said first disk storage control in 

10 response to the receipt of said record for 

11 transmitting said record over a data link to a 

12 second disk storage control, 

13 operating said second disk storage control in 

14 response to the receipt of said record for 

15 effecting the writing of said record by a second 

16 disk drive connected to said second disk storage 

17 control, and 

18 further operating said second disk storage 

19 control in response to said receipt of said record 

20 for extending said record over a data link to other 

21 disk storage controls so that said other disk 

22 storage controls each receive said record and 

23 control the writing of said record by a disk drive 

24 connected to said other disk storage controls. 

1 56* A method of operating a data storage system 

2 adapted to be connected to a host costputer, said 

3 method comprising the steps of: 

4 operating a first disk storage control for 

5 receiving chaimel program command sequences over an 



6 interface patb from said host requesting the 

7 control of ftmctions by said first disk storage 

8 control including the writing of data records by a 

9 first group of disk drives connected to said first 

10 disk storage control, 

11 operating said first disk storage control in 

12 response to the receipt of each program coumand 

13 sequence comprising a record write rec[uest and an 

14 accoxopanying record for effecting the writing of 

15 said accompanying record by a disk drive of said 

16 first group, 

17 operating said first disk storage control for 

18 receiving a commemd sequence from said host 

19 requesting multiple copy service for a subsequently 

20 received write reqpiest directed to a specified one 

21 of said disk drives of said first groiQ), wherein 

22 said last named command sequence specifies a disk 

23 drive of ea<di of said first and a second group of 

24 drives coxmected to a second disk storage control 

25 that is to be used to write said multiple copies of 

26 a record accompanying a subsequently received write 

27 request and directed to said specified one drive of 

28 said first group, 

29 operating said first disk storage control in 

30 response to the subsequent receipt of a command 

31 sequence comprising a record write request and an 

32 accompanying record directed to said specified one 

33 drive of said first group for transmitting said 

34 accompanying record over a data link to said second 

35 disk storage control, 

36 further operating said first disk storage 

37 control in response to the receipt of said 

38 subsequently received record write request and an 

39 accompanying record directed to said specified one 

40 disk drive of said first group for effecting the 

41 writing of said received record by said specified 

42 one disk drive of said first group, and 
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43 opexating said second disk storage control in 

44 response to the receipt of said record over said 

45 data link for effecting the writing of said record 

46 by said specified disk drive of said second group. 

1 57. The method of clain 56 wherein said channel 

2 program coxnmand sequence comprises; 

3 commands arranged according to a predetermined 

4 channel program coaimand format with at least some 

5 of said commands having a parameter list associated 

6 therewith and at least one of said commands having 

7 an information block associated therewith, 

8 said parameter lists and said information 

9 block being adapted to contain data arranged into 

10 either a first or a second data format, 

11 said parameter list and said information block 

12 data being in a first foxmat when a received 

13 channel program command seijuence comprises a 

14 request for the subsequent provision of multiple 

15 copy service for records subsequently written to 

16 said specified one disk drive of said first group, 

17 said parameter list being in a second format 

18 when a received command sequence comprises a record 

19 write request. 

1 58. The method of claim 57 wherein said method 

2 further comprises the steps of: 

3 operating said second disk storage control in 

4 response to the receipt of said record for 

5 transmitting said record over a second data link to 

6 a third disk storage control, and 

7 operating said third disk storage control in 

8 response to the receipt of said record for 

9 effecting the writing of said record by a disk 

10 drive of a third group of drives connected to said 

11 third disk storage control. 
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1 59* The method of claim 57 wherein said method 

2 further comprises the steps of: 

3 operating each disk storage control in 

4 response to the receipt of a record by said each 

5 disk storage control for entering said received 

6 record into a cache memory of said each disk 

7 storage control, 

8 returning a command complete signal said to 

9 said host from said first disk storage control when 

10 each record received by a disk storage control is 

11 entered into said cache memory of each disk storage 

12 control , and 

13 wherein said step of effecting the writing of 

14 each of said records comprises the step of applying 

15 each record in a cache memory to the disk drive 

16 connected to the disk storage control containing 

17 each cache memory. 

1 60* The method of claim 57 wherein said method 

2 further comprises the steps of: 

3 returning a command complete signal from said 

4 first disk storage control to said host after said 

5 record is written by each of said disk drives. 

1 61. The method of claim 57 wherein said method 

2 further comprises the steps of: 

3 transmitting of cdiemnel program command 

4 sequences to said second disk storage control over 

5 a second channel interface path extending from said 

6 host to said second disk storage control, 

7 operating said second disk storage control for 

8 receiving channel program command sequences over 

9 said interface path from said host requesting the 

10 control of functions by said second disk storage 

11 control including the writing of data records by 

12 said second groxip of disk drives. 
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13 operating said second disk storage control in 

14 response to the receipt of eacb program command 

15 sequence comprising a record write request for 

16 effecting the writing of a record accompanying said 

17 request by a disk drive of said second group as 

18 specified by said received write request, 

19 operating said second disk storage control for 

20 receiving a comiaand sequence from said host 

21 requesting multiple copy service for subsequently 

22 received record write requests directed to a 

23 specified one of said disk drives of said second 

24 group, wherein said last named command sequence 

25 specifies a disk drive of each of said first and 

26 second groups that is to be used to write said 

27 multiple copies of records for sxibsequently 

28 received write requests to said specified one drive 

29 of said second group, 

30 operating said second disk storage control in 

31 response to the subsequent receipt of a command 

32 sequence comprising a record write request and an 

33 accompanying data record directed to said specified 

34 one disk drive of said second group for 

35 transmitting said accompanying record over said 

36 data link to said first disk storage control, 

37 further operating said second disk storage 

38 control in response to the receipt of said 

39 subsequently received record write request and an 

40 accompanying data record directed to said specified 

41 one disk drive of said second group for effecting 

42 the writing of said accompanying record by said 

43 specified one disk drive of said second group, and 

44 operating said first disk storage control in 

45 response to the receipt of said record over said 

46 data link for effecting the writing of said record 

47 by said specified disk drive of said first group. 
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1 62. A method o£ operating a data storage system 

2 adapted to be connected over first and second 

3 chcuinel interface paths, respectively, to a first 

4 and a second host computer, respectively, for the 

5 writing of duplicate copies f record received by 

6 said system over any of said paths from either of 

7 said hosts, said system comprising: 

8 operating each of a first and a second disk 

9 storage control for receiving a data record from 

10 either of said hosts over said paths, 

11 operating said each disk storage control in 

12 response to the receipt of each write request and 

13 an accompanying data record over a path from said 

14 host for effecting the writing of said accompanying 

15 record by a disk drive of a group to which said 

16 each disk storage control is connected, 

17 operating eadi of said disk storage controls 

18 for receiving a request from said host for the 

19 provision of multiple copy service upon the 

20 subsequent receipt of a record write request 

21 directed to a specified one disk drive of a group 

22 connected to said each disk storage control, 

23 operating each of said disk storage controls 

24 in response to the subsequent receipt of a write 

25 request and an accompanying data record directed to 

26 said specified one disk drive for controlling the 

27 writing of said accompanying record by the 

28 specified drive connected to said each disk storage 

29 control and for transiaitting said record over said 

30 data link to the other one of said disk storage 

31 controls, and 

32 operating said other disk storage control in 

33 response to the receipt of said record for 
' 34 effecting the writing of said record by the one of 

35 said disk drives to ^icdi said other one disk 

36 storage control is connected » 
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1 63. A method of operating a data storage system 

2 adapted to be connected over first and second 

3 channel interface paths, respectively, to a first 

4 and a second host computer, respectively, for the 

5 writing of a singl copy of r cords received by 

6 said system over any of said paths from either of 

7 said hosts, said method comprising the steps of: 

8 operating a first disk storage control for 

9 receiving a data record write request and an 

10 accospanying data record over said first path from 

11 said first host 

12 operating a second disk storage control for 

13 receiving a data record write request and an 

14 accompanying data record over said second path from 

15 said second host, and 

16 operating each disk storage control in 

17 response to the receipt of each write recpiest by 

18 said disk storage control for effecting the writing 

19 of the data record accompanying each recpiest by 

20 only a disk drive to which said second disk storage 

21 control is connected. 

1 64. The method of claim 63 wherein said disk 

2 storage controls are interconnected by a direct 

3 data link and wherein said method fuxrther comprises 

4 the steps of: 

5 operating said first disk storage control in 

6 response to said write request from said host for 

7 transmitting said record acco]i^>anying said request 

8 over said data link to said second disk storage 

9 control, and 

10 operating said second disk storage control in 

11 response to the receipt of said record over said 

12 data link for writing said record on said disk 

13 drive to which said second disk storage control is 

14 connected. 
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1 65. The method of claiia 64 in combination with the 

2 additional steps of: 

3 operating said second disk storage control in 

4 response to a receipt of a record read request from 

5 said second host for reading said record, 

6 transmitting said read record over said second 

7 path to said second host, 

8 operating said first disk storage control in 

9 response to a receipt of a record read request from 

10 said first host for receiving said record from said 

11 second disk storage control over said data link, 

12 and 

13 transmitting said record received over said 

14 data link to said first host from said first disk 

15 storage control over said first path. 



1 66. A method of operating a data storage system 

2 adapted t.o be connected over first and second 

3 channel interface paths, respectively, to a first 

4 and a second host computer, respectively, for the 

5 writing of a single copy of records received by 

6 said system over cmy of said paths from either of 

7 said hosts, said method comprising the steps of: 

8 operating a first disk storage control for 

9 receiving a data record write request and an 

10 accon^anying data record over said first path from 

11 said first host, 

12 operating a second disk storage control for 

13 receiving a data record write request and an 

14 accoxspanying data record over said second path from 

15 said second host, 

16 operating said second disk storage control in 

17 response to the receipt of each write request from 
' 18 said second host and directed to a specified disk 

19 drive connected to said second disk storage control 

20 for effecting the writing of said record 

21 accompanying each request by said specified disk 
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drive to which said second disk storage control is 
connected, 

op rating said first disk storage control for 
receiving a request from said first host for the 
provision of shared service upon the subsequent 
receipt of a record write request and an 
acconpsuiying data record directed to a specified 
phantom drive of a group of disk drives connected 
to said first disk storage control, 

operating said first disk storage control in 
response to the subsequent receipt of each write 
request and an acconqpanying data record not 
directed to said phantom drive of said first disk 
storage control for effecting the writing of the 
record accompanying each request by a disk drive of 
a group to which said first disk storage control is 
connected , 

operating said first disk storage control in 
response to the subsequent receipt of a write 
request and an accompanying data record directed to 
said specified phantom disk drive for transmitting 
said record over a data link to said second disk 
storage control, and 

operating said second disk storage control in 
response to the receipt of said record over said 
data link for effecting the writing of said record 
by a disk drive to which said second disk storage 
control is connected* 

67. A method of operating a data storage system 
adapted to be connected to a first and a second 
host computer for the sharing of records by users 
of both of said computers, said method comprising 
the steps of: 

operating a first disk storage control for 
receiving channel program command sequences over a 
first interface path from said first host 
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9 requesting the control of system functions by said 

10 first disk storage control including the writing 

11 and reading f data records by a first group of 

12 disk drives connected to said first disk storage 

13 control , 

14 operating said first disk storage control in 

15 response to the receipt from said first host of 

16 each program commamd sequence comprising a record 

17 write request cuid an accompanying record for 

18 effecting the %n:iting of a said accompanying data 

19 record by a disk drive of said first group as 

20 specified by said received write request, 

21 operating a second disk storage control for 

22 receiving channel program command sequences over a 

23 second interface path from said second host 

24 requesting the control of functions by said second 

25 disk storage control including the writing and 

26 reading of data records by a second group of disk 

27 drives connected to said second disk storage 

28 control, 

29 operating said second disk storage control in 

30 response to the receipt from said second host of 

31 each program command sequence comprising a record 

32 write request and an accompanying record for 

33 effecting the writing of said accompanying data 

34 record by a disk drive of said second group as 

35 specified by se^id write request received by said 

36 second disk storage control, 

37 operating said first disk storage control for 

38 receiving a command sequence from said first host 

39 requesting the establishment of extended 

40 connectivity service for subsequently received 

41 write requests directed to a specified phantom disk 

42 drive of said first group, wherein said last named 

43 command sequence also specifies a disk drive of 

44 said second group of drives that is to be used to 

45 write a copy of a received record accompanying 
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each subseq[uently received write request directed 
to said specified phantom drive of said first 
group, 

operating said first disk storage control in 
response to a subsequent receipt of a command 
sequence comprising a record write request and an 
acconpanying record directed to said specified 
phantom drive of said first group of drives for 
transmitting said accompanying record over a direct 
data link to said second disk storage control, axtd 

operating said second disk storage control in 
response to the receipt of said record over said 
data link for effecting the writing of said record 
by said specified disk drive of said second group. 

68. The method of claim 67 in combination with the 
additional steps of: 

operating said first disk storage control in 
response to a subsequent receipt of a command 
sequence comprising a record read request directed 
to said specified phantom drive of said first group 
for transmitting a message containing said read 
request over said direct data link to said second 
disk storage control, 

operating said second disk storage control in 
response to the receipt of said record read request 
over said data link for effecting the reading of 
said requested record by said specified disk drive 
of said second group containing said requested 
record, 

transmitting said read record over said data 
link from said second disk storage control to said 
first disk storage control, 

operating said first disk storage control in 
response to the receipt of said record over said 
data link from said second disk storage control for 



22 transmit:t:ing said record over said first interface 

23 path to said first host, 

24 operating said second disk storage control in 

25 response to a siibsequent receipt from said second 

26 host of a coxomand sequence comprising a record read 

27 request directed to a specified drive of said 

28 second group for reading said record from said 

29 specified drive of said second group, and 

30 transmitting said read record over said second 

31 interface path to said second host* 

1 69. The method of claim 67 wherein said chaxmel 

2 program command sequence requesting the 

3 estcODlishment of extended connectivity service 

4 comprises : 

5 commsuids arranged according to a predetermined 

6 channel program command format with at least some 

7 of said commands having a parameter list associated 

8 therewith and at least one of said commands having 

9 an information block associated therewith, 

10 said parameter lists and said information 

11 block being adapted to contain data arrsmged into 

12 either a first or a second data format, 

13 said parameter list and said information block 

14 data being in a first format when a received 

15 channel program command sequence comprises a 

16 request for the subsequent provision of said 

17 extended connectivity seirvice for subsequently 

18 received write requests directed to said specified 

19 phantom drive of said first group of disk drives, 

20 said parameter list being in a second format 

21 when a received command sequence comprises a record 

22 write request. 

1 70. A method of operating a data storage system 

2 adapted to be connected to a first and a second 

3 host computer I said method comprising the steps of: 
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4 operating a first disk st rage control for 

5 receiving chaxmel program conunemd sequences over a 

6 first interface path from said first host 

7 requesting the control of system functions by said 

8 first disk storage control including the witing 

9 and reading of data records by a first group of 

10 disk drives connected to said first disk storage 

11 control , 

12 operating said first disk storage control in 

13 response to the receipt from said first host of 

14 each program command sequence comprising a record 

15 write request and an accompcmying record for 

16 effecting the writing of a said accompanying data 

17 record by a disk drive of said first group as 

18 identified by said received write request, 

19 operating a second disk storage control for 

20 receiving chemnel program command sequences over a 

21 second interface path from said second host 

22 requesting the control of functions by said second 

23 disk storage control including the writing and 

24 reading of data records by a second group of disk 

25 drives connected to said second disk storage 
2 6 control , 

27 operating said second disk storage control in 

28 response to the receipt from said second host of 

29 each program command sequence comprising a record 

30 write request and an accompanying record for 

31 effecting the writing of said accompanying data 

32 record by a disk drive of said second group as 

33 identified by said write request received by said 

34 second disk storage control, 

35 operating said first disk storage control for 

36 receiving a command sequence from said first host 
' 37 requesting the establishment of extended service 

38 for subsequently received write requests directed 

39 to a specified disk drive of said first group, 

40 wherein said last ncuned command sequence also 



no 



41 specifies a disk drive of said second group of 

42 drives that is to be used to vrite a copy of a 

43 received record accompanying each subsequently 

44 received write recpiest directed to said specified 

45 disk drive of said first group, 

46 operating said first disk storage control in 

47 response to a subsequent receipt of a command 

48 sequence comprising a record vrite request and an 

49 accompauiying record directed to said specified 

50 drive of said first group of drives for 

51 transmitting said accompanying record over a direct 

52 data link to said second disk storage control, 

53 operating said second disk storage control in 

54 response to the receipt of said record over said 

55 data link for effecting the writing of said record 

56 by said specified disk drive of said second group, 

57 operating said first disk storage control in 

58 response to a subsequent receipt of a command 

59 sequence coiq>rising a record write request and an 

60 accompanying record directed to said specified 

61 drive of said first group of drives for effecting 

62 the writing of said record by said specified disk 

63 drive of said first group if said specified disk 

64 drive of said first group is not a phantom disk 

65 drive, and 

66 inhibiting the writing of said accompanying 

67 record by a disk drive of said first group if said 

68 specified disk drive of said first group is a 

69 phantom disk drive. 

1 71. A method of operating a data storage system 

2 adapted to be connected to a host computer, said 

3 method cosiprising the steps of: 

4 operating a first one of n disk storage 

5 controls in response to the receipt of a record 

6 from said host for effecting the writing of said 
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7 record by a firs-t disk drive connect.ed t:o said 

8 first disk storage control, 

9 operating said first disk storage control in 

10 response to the receipt of said record for 

11 transmitting said record over a data link to a 

12 second disk storage control, 

13 operating said second disk storage control in 

14 response to the receipt of said record for 

15 effecting the writing of said record by a second 

16 disk drive connected to said second disk storage 

17 control , 

18 further operating said second disk storage 

19 control in response to said receipt of said record 

20 for extending said record over a data link to other 

21 disk storage controls, 

22 operating said other disk storage controls to 

23 receive said record over a data link, €md 

24 further operating said other disk storage 

25 controls so that said record is written by a disk 

26 drive connected to less than all of said other disk 

27 stors^ge controls whereby said system writes less 

28 than n copies of said record received from said 

29 host by said first disk storage control. 
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2) 




HOST XMITS DEFINE EXTENT COMMAND OF FIG. 14 LINE 2 


3) 




HOST XMITS DEFINE EXTENT PARAMETER LIST OF FIG. 15 


4) 




HOST XMITS LOCATE RECORD COMMAND OF Fia 14 LINE 3 


5) 




HOST XMITS LOCATE RECORD PARAMETER LIST OF FIG. 16 


6) 




HOST XMITS WRITE DATA COMMAND OF FIG. 14 LINE 4 


7) 




HOST XMITS REQUEST PACKET OF FIG. 14 LINE 6 


8) 




HOST XMITS READ COUNT KEY DA1 


A COMMAND OF FIG. 14 LINE 5 



9) 



XMIT ESTABLISH MESSAGE OF FIG. 18 OVER DATA 
LINK 106 TO DSC 107 FROM DSC 105 



10) 



XMIT ACKNOWLEDGEMENT MESSAGE OF FIG. 20 OVER 
DATA LINK 106 FROM DSC 107 TO DSC 106 



12) 



HOST RECEIVES RESPONSE PACKET OF FIG. 14. LINE 9 



TO FIG. 24. 



FIG. 23. 
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FROM FIG. 23. 



14) 



XMIT DEFINE EXTENT COMMAND OF FIG. 14 UNE 2 FROM HOST 



15) 



XMIT STANDARD DEFINE EXTENT PARAMETER LIST OF 
FIG. 14 LINE 6 FROM HOST 



16) 



XMIT LOCATE RECORD COMMAND OF FI6. 14 LINE 3 FROM HOST 



18) 



XMIT STANDARD LOCATE RECORD PARAMETER LIST 
OF FIG. 14 UNE 7 FROM HOST 



19) 



XMIT WRITE DATA COMMAND OF FIG. 14 LINE 4 FROM HOST 



20) 



XMIT DATA BLOCK OF FIG. 14 LINE 8 FROM HOST 



21) 



XMIT REQUEST OWNERSHIP MESSAGE OF FIG. 19 OVER 
DATA LINK 106 TO DSC 107 



22) 



[ 



DSC 107 XMITS GRANT OWNERSHIP MESSAGE OF FIG. 19 OVER DATA UNK 106 1 


24) 1 


i 


DSC 105 XMITS PERFORM 0EBEVA6E MESSAGE OF FIG. 21 OVER DATA UNK 106 


25) 




DSC 107 XMITS READY TO RECEIVE DATE MESSAGE OF FIG. 21 OVER 


DATA LINK 106 




26) 




DSC 105 XMITS CKO TRANSFER MESSAGE OF FIG. 22 OVER DATA LINK 106 



TO FIG. 25. 



FIG. 24. 
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27A^ 



FROM FIG. 24. 



RECORD WRITTEN TO 
V3 OF DSC 105 



27B 



RECORD WRITTEN TO 
VI OF DSC 107 



28 



XMIT ACKNOWLEDGEMENT MESSAGE 
OF F16. 20 OVER DATA LINK 106 
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